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separate environmental control system dedicated to avionics cooling are
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standardization on the cost of avionics systems in USAF aircraft is
described. The results of exercising the model are reported.

The significant tasks and scheduling for the next phases of avionics
PME development, leading to the definition and acceptance of a military
avionics PME standard, are presented.

N
\

l




‘_..-é../..m ey

_FINAL iEpnfre e 77"7M (,25 !

.

‘

NTv e aiemgeerw = e e

. 25

Y :

- e ; STANDARD AVIONICS RACKAGING, MPUNTING, !
r - - .
% l = AND’ COOLING BASELINE STODY i

.-a.

JRSIOF D S

vt
L 4&3
) pEpE— '
- | 31 Jan sj O .,
' C/. ! Jane—p S Y
. {7 hY
et 0,
1 ’- .\ Q.Q o 1
' LT : ¥
; / WA‘ o R 3
4 N %
{ “ ) b
1
13 2 -
Prepared for
Aeronautical Systems Division
. ) {ASD/XRE)
‘ . Alr Force Systems Command
' Wright-Patterson AFB, Ohio _ ..—
1
O S.'Baily
l A. {Jackson
J. jRussell
» C. N. D.{Smith
{ L N.{Sullivan

. Tom

ARINC Rescarch Corporation
a Subsidiary of Aeronautical Radio, Inc.
2551 Riva Road
Annapolis, Maryland 21401

Publj JOn 1753—g§1-1-2124

|4 L — 400247

This o T T

t S e arproved
Cr Py e gl g

distribution i3 wnlimited.,




i

ey

L,

CPTETY hasit e i

G e e -

)
l

Copyright @ 1930

ARINC Research Corporation

Prepared under Contract F33657-79-c-0717,
which grants to the U.s. Government a license

to use any material in this publication for
Government purposes.

Y earvitny




T

- - - - ¢ B e e - m——————

FOREWORD

Under Contract F33657-79-C-0717, ARINC Research Corporation conducted
a study of the development of an avionics packaging, mounting, and environ-
mertal (PME) standard. This effort, performed for the Air Force Systems
Command, included a cost-benefit analysis of PME standardization.

ARINC Research acknowledges the valuable contributions to this study
provided by the Aeronautical Systems Division engineering staff (ASD/EN).
We also are grateful for the cooperation extended by representatives of
the aircraft and avionics industries in their written responses to our
questionnaires and follow-up conversations with us.
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ABSTRACT

This is the final report on a study concerning the development of an
avionics packaging, mounting, and environmental (PME) standard and an
associated cost-benefit analysis performed by ARINC Research Corporation
for Air Force Systems Command, Aeronautical Systems Division, Wright-
Patterson AFB, Chio. The report compares military and commercial airlines
avionics generic standards to determine their technical and procedural
differences and identifies the changes and waivers required when equipment
built to the commercial airlines standards are procured by the USAF. It
also compares the functional and physical characteristics of certain
military and commercial avionics equipments and assesses the degree of
utility of current commercial equipments for use in USAF aircraft.

The opinions of aircraft and avionics manufacturers concerning a
military avionics PME standard and their suggestions as to what the stan-
dard's scope and applicability should be are reported. Alternative avion-
ics cooling procedures and technologies and the concept of employing a
separate environmental control system dedicated to avionics cooling are
reviewed.

A life-cycle-cost payback model that addresses the impact of PME
standardization on the cost of avionics systems in USAF aircraft is de-
scribed. The results of exercising the model are reported.

’

The significant tasks and scheduling for the next phases of avionics
PME development, leading to the definition and acceptance of a military
avionics PME standard, are presented.
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EXECUTIVE SUMMARY

1. INTRODUCTION

This report concerns the standard avionics packaging, mounting, and
cooling (PMC) concepts used by the United States commercial airlines and
their applicability to United States Air Force (USAF) avionics. The study
it culminates investigated (1) the extent to which avionics subsystems
built to commercial form, fit, and function (Fa) standards might be used
in USAF aircraft; (2) aspects of equipment packaging, equipment thermal
performance, aircraft environmental control, and aircraft electromechanical
interfaces to which a USAF PME (Packaging, Mounting, Environment)* standard
might be applied successfully; and (3) the cost~benefit relationships
associated with various approaches to implementing the elements of a USAF
PME standard. Also, a plan for developing and applying a USAF PME standard

was completed as part of the study.

The contract's Statement of Work identifies the following subjects
for study:

* Task l: Potential USAF Use of Commercial Avionics

* Task 2: Cost-Benefit Relationships Associated with USAF PME
Standardization in Avionics

* Task 3: Development Plan for an Avionics PME Standard

The first work of Task 1 was the identification of generic differences
between the Military Specifications and Standards applicable to USAF avion-
ics procurement and the ARINC Characteristics and Specifications. A corol-
lary to this work was the identification of general exemptions to the
Military Specifications and Standards that will be required if commercially
developed avionics are to be used.

The second part of Task 1 was a review of specific avionics equipments,
specifications, or functional requirements associated with several USAF
aircraft types to determine the applicability of commercial equipment de-
fined by ARINC 500 series Characterictics ("Current Commercial Avionics")
and the ARINC 700 series Characteristics ("Future Commercial Avionics").

*For purposes of this study, the term "PME" is used interchangeably with
"PMC", since the major environmental impact under discussion is cooling

or the thermal environment.

vii
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Task 2 started with the development of a systematic methodology for
cost~benefit analysis for such factors as the following:

* Retrofit versus new (future installations)

* Small aircraft versus large aircraft

* Life-cyc. :-cost impacts

* Reliability/maintainability impacts

« Impact on common avionics versus mission-unique avionics

The second stage of Task 2 was the development of preliminary cost-~
benefit figures for the following standardization alternatives:

* Avionics line-replaceable unit (LRU) packaging standard

* Avionics rack/mounting/interface standard

s Avionics environment standard

* Avionics common power standard

* All of the above as a full PME standard

In support of this cost-benefit analysis, industry opinion was soli-
cited on the potential benefits and cost implications of a military avion-

ics PME standard. The impact of new avionics cooling technologies on PME
standardization alternatives was also addressed.

In Task 3 a likely scenario for implementing a USAF PME standard was
developed. It suggests that the effort needed to develop alternative PME
standards should be scheduled over the next 1-1/2 to 2 years, and the task
descriptions for each work package carefully defined.

A plan was formulated for developing the PME standard by open-forum
discussions of "strawman" standards in meetings attended by user command
and industry representatives.

Our general findings in each of these task areas are summarized in
the following sections.

2. COMPARISON OF MILITARY AND AIRLINES STANDARDS

Because of their different origins and objectives, there is consider-
able divergence between the military standards and specifications that
govern USAF avionics procurement and those that serve a parallel function
for civil aviation -- FAA, RTCA, ICAO performance standards and commercial
airlines (ARINC) form, fit, and function (F3) characteristics. During this
study, we reviewed a large number of both military and commercial specifi-
cations and standards in attempting to determine some of the major diffecr-
ences between them in both purpose and use. As a result of this review,

viii
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in conjunction with ASD personnel, we developed generic classes of differ-~
ences and specific waiver exemptions we feel would be applicable to use
purely commercial standards for military applications. We concluded that
there were three generic classcs of differences:

* Physical and Performance Differences -~ Airlines units may be too
big for space-premium USAF aircraft, may not withstand the physical
environment of these aircraft, or may not provide the performance
characteristics required by these aircraft. In some cases, accom-
modations may be made, but generally this class of differences
dissuades the use of commercial equipments.

* Electrical and Mechanical Interface Differences - These encompass
differences in connectors, data formats, cooling-air needs, etc.,
which result from differences in military and commercial practices.
Minor modifications or waiver of military requirements can make
commercial avicnics acceptable for military use.

* Procurement Documcntation Differences - ARINC Characteristics
specify form, fit, and function (F°) interfaces and do not detail
design features or specify piecce-parts and processes. MIL Speci-
fications detail design and construction as well as performance
required. Also, differences occur in application of quality con-
trol, vendor participation, and acquisition practices. These dif-
ferences do not affect the functional adequacy of commercial
equipments, but they do raise concerns in military acquisition
and logistics circles.

3. POTENTIAL USE OF COMMERCIAL AVIONICS

Commercial airlines flight-essential avionics are designed, manufac-
tured, tested, and certified to a well defined and documented set of
standards, which correlate gualitatively, and sometimes quantitatively,
with equivalent military specifications and standards. The key specifica-
tion that has been in use in the commercial airlines since 1956 is ARINC
Specification 404: Air Transport Eguipment Boxes and Racking. Avionics
equipments defined by current ARINC Characteristics (the "500 series")
comply with ARINC 404A and provide a high deqrec of interchangeability
between like units supplied by different avionics manufacturers. The air-
lines have devcloped and implementced a new-gencration racking specification
~- ARINC Specification 600. The princijal advance of ARINC 600 over ARINC
404A is in ensuring the availability of improved cooling by limiting the
avionics thermal dissipation according to the LRU case size, and by requir-
ing adequate quantities of clean cooling air to be furnished to it. Other
changes redefine the allowed avionics case sizes and introduce a new style
"low insertion force" rear connector and revised box hold-down arrangements.
Avionics equipments conforming to ARINC 600 ar. defined by ARINC Charac-
teristics in the "700 scries." The ARINC 700 scries Characteristics also
standardize data input and output to the digital formats of ARINC Specifi-
cation 429, Digital Information Transfor Svstem (DITS) and, where appro-
priate, to ARINC Specification 453, Very High Speed Data Bus. On the
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basis of our review of selected commercial standards and their applications

to specified USAF aircraft, we make the following conclusions:

* Existing commercial avionics are broadly applicable to use in
military transport aircraft; only relatively simple racking and
interface changes are required in aircraft not originally designed
for commercial avionics.

* FExisting commercial avionics can be used in bombers and other pene-
tration aircraft if racking and interface modifications are made
in the aircraft and if the aircraft and/or avionics are modified
to provide required interfaces with mission equipment, to prevent
EMI, and to provide for EMP and nuclear hardening.

* Existing commercial avionics generally will not be applicable to
high-performance aircraft because of space, environment, or per-
formance constraints; in some cases, however, available space may
permit installation of selected avionics and necessary interfaces.

* Use of future commercial avionics will require adaptive work in
USAF aircraft. In addition, because they accept only digital
inputs and provide only digital outputs (both to the ARINC 429
format), future commercial avionics will require additional inter-
face equipment to make them compatible with existing analog inputs
and/or with the MIL-STD-1553 data bus.

* The cost-benefit relationships associated with the USAF's using
commercial avionics are difficult to articulate. The use of com-
mercial avionics can circumvent the development time and cost of
military procurement in circumstances where military eguipment is
not readily available. The acquisition cost of commercial avionics
is comparable to large-lot GFE procurements for similar functional
systems. The greater maturity and highcer reliability in commercial
avionics, generally due to higher flying-hour c¢xperience and con-
tinuing vendor involvement, tend to offsct higher logistics cost
that may be introduced by non-standard parts. Lach procurement
should continue to be evaluated on a casc-by-casc basis.

Table S~1 lists our findings on the degree of applicability of ARINC 500-
series equipments in selected military aircraft.

4. STUDIES SUPPORTING COST-BENEFIT ANALYSIS

As part of the cost-benefit analysis of Task 2, we were asked to per-
form two special supporting studies: (1) an industry survey to solicit
opinions and data on the merits of a USAF avionics PME standard and (2) a
review of "new" cooling technologies, to assess the potential cffccts of
such technologies on futurec PME standardization.
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4.1 Industry Survey

Industry inputs were solicited by a mailed questionnaire. Follow-up
visits were made to General Dynamics at Ft. Worth, Rockwell International
(Collins Radia) at Cedar Rapids, and Bendix Avionics at Ft. Lauderdale.

We conferred with personnel of Boeing Aerospace at Seattle by telephone.
These direct contacts reinforced the written responses and provided first-
hand information on current military and commercial avionics integration
constraints in high-performance aircraft. The survey revealed an almost
unanimous opinion that the military should establish an avionics PME stan-
dard along the lines of the AEEC/ARINC concept; there would need to be
differences, it was generally conceded, because of the different sizes

and environmental constraints of military aircraft and the sometimes more
stringent performance requirements. There was an equally emphatic opinion
among both aircraft and avionics manufacturers that military environmental
test requirements were frequently much more demanding than the actual air-
craft environment warranted. The avionics manufacturers felt that this
over-specification, together with military-qualified-parts requirements,
represents a cost element in military procurement that is not justified
by any demonstrated superiority of the military product over its commercial
counterpart.

The consensus was that a USAF avionics PME standard, based on the
ARINC 600 concept, is probably viable and could be broadly beneficial for
certain classes of aircraft in the proper context. The standard would
need to be divided into subsets or sections to avoid "worst case" over-
specification on the one hand, or cxcessive numbers of cxceptions (needed
by high-performance military aircraft) from a standard primarily directed
at the transport aircraft environment, on the other hand.

While it would be desirable to apply a PME standard to all remotely
mounted avionics, respondents felt that it might be more practical to
restrict application of the standard to "common functions", excluding
mission avionics completely. They also agrecd that the primary applica-
tion should be to new aircraft.

4.2 Review of Avionics Cooling Technology

Alternative avionics cooling technologies were reviewed to determine
what potential impact they might have on USAF avionics standardization.

The requirement to transfer incrcasingly greater amounts of heat from
components or chips to the outside of the package will put more emphasis
on the use of conductive heat transfer rather than transfer by natural
convection, internal fans, or forced air. Heat transfer from the package
to the final hecat sink (outside air or fucl) may rely on circulating air,
vapor, or liquid, or may also be entirely conductive. Technology is now
available to implement such a shift from the almost routinely used blow-
through air-cooling systems to sclf-contained closed-cycle cooling systems
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or, in some circumstances, to thermoelectric heat transfer. Advantages of
such a change include:

* Improved operation at high altitude
* Exclusion of contaminants (water, dust, nuclear debris)

* ILess power drawn from the aircraft's propulsion system

These design trends emphasize the need to plan for a new USAF avionics
PME standard, as well as making optimum use of commercial transport avion-
ics where these will adequately perform the required function.

5. COST-BENEFIT ANALYSIS

During this preliminary study of PME standardization, two of the
principal activities were (1) to develop a methodology for evaluating
the potential effects of an avionics PME standard on the costs associated
with the avionics in a fleet of aircraft through its life cycle, and (2)
to develop and exercise a computer program in support of the evaluation;
the program had to be capable of analyzing the effects of the five alter-
native standards under consideration:

* Avionics line-replaceable unit (LRU) packaging standard

* Avionics rack/mounting/interface standard

* Avionics environment standard

* Avionics common power standard

* Avionics PME standard (combination of the above)

The scenario that we used to perform the PME cost-benefit analysis
included a mix of three types of aircraft that are currently in the USAF's
projected force structure: (1) high~performance tactical, (2) tactical

attack/observation, and (3) cargo/transport. This force subset is pro-
portionally representative of the total USAF current inventory.

Avionics costs were separated into two groups: (1) communication
and radio-navigation equipments (e.y., UHF Radio, TACAN), and (2) mission
or aircraft-unique equipments, (e.q., EW, radar). A third cost group was
added to account for the cost of environmental control when included in
the standard being analyzed.

The sensitivity of potential saving to input assumptions was also
determined; this provided significant insight into the relative attrac-

tiveness of each standardization concept.

Results of the cost-benefit analysis are depicted in Figure S-1.
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Future cost paybacks will stem primarily from cost saving on LRU
acquisitions and avionics-update modifications. We expect that the prin-
cipal expenditure will be for implementing the environmental control system
standard. Because of this, the new cost saving will be significantly
limited for the two standardization alternatives that include an environ-
mental standard (avionics environmental standard and full avionics PME
standard). The largest payback potential resides in applying standardiza-
tion to aircraft or mission-unique avionics, simply because this group
incurs the greatest avionics cost and occurs in the most numerous aircraft,
the tactical fighters.

If the scenario used to perform the cost-benefit analysis had not
been limited to avionics used only in future aircraft, larger returns in
the aggregate might have been shown. However, it was not possible to
determine realistically the extent to which the PME standardization alter-
natives coulc be implemented in an existing aircraft architecture or at
what cost they could be implemented. This inability stemmed »rincipally
from the wide variations in retrofit needs.

The following are key conclusions that provide good direction for
future work:

* Aircraft not yet designed appear to be the best candidates for
implementation of the USAF PME standard. For these aircraft, our
analysis showed that economic advantages would accrue through
the PME standardization alternatives in the following order of
merit: (1) LRU packaging standard, (2) rack/mounting/interface
standard, (3) full PME standard, (4) common power standard, and
(5) environmental standard. Payback periods varied from 5 to 15
years depending on investment required and benefits gained.

* Fighter-type aircraft comprise the largest component of the USAF
projected force and the largest component of the representative
force addressed in this analysis. Even small cost changes asso-
ciated with this class of aircraft will derive larye changes in
total USAF avionics life-cycle cost.

* Radar, weapon-delivery, and clectronic-warfarc avionics costs
dominate the avionics suite LCC and, consequently, have the
biggest potential quantitative payback for PME standardization.

* The "common" group of avionics, which is the mhst amenable to the
use of commercial or similar standards, represents only a minor
part of the total cost of the avionics for a combat aircraft; how-
ever, one must remember that operational bencfits stem from any
availability improvements in flight essential functions.

¢ 1Installation of new PME standard equipments (racks, mounting pro-
visions, connectors and cables, environmental control, etc.) in
older aircraft would cost at lecast as much as installation in new
production-line aircraft, and most likely a great deal more. Any
saving attributable to upgrading older aircraft with PME standards




would necessarily be less than that for new aircraft by the in-
creased cost of installation. Thus the payback time would be
longer, but there would be less opportunity to secure the possible
benefits because of the age of the aircraft at the outset. 1If a
PME standard is implemented, the value of installing PME equipments
on older aircraft would need to be evaluated by trade-off studies
on a case-by-case basis as hard PME cost data were developed.

* Environmental improvement implemented in conjunction with PME
standardization would have a much more significant payback poten-
tial than environmental improvement implemented alone.

* The common power standard can be implemented on a stand-alone
basis. The implementation cost necessary to provide better regula-
tion, voltage spike protection, and outage prevention are much less
than those for the improved cooling system. Currently, this pro-
tection must be provided within each LRU. The payback starts by
removing this cost from the LRU (acquisition saving) and continues
with improved reliability (O&S saving).

* The standardization choices are not mutually cxclusive; for example,
continued use of commercial standards for transport-type aircraft
and adaptation of the ARINC standards for other applications could
be approached simultaneously; or an LRU packaging standard devel-
oped initially could later be included as part of a full PME
standard.

6. SELECTED TECHNICAL ASPECTS OF PME STANDARDIZATION

ARINC 500 and 700 series avionics equipments have different degrees
of direct usability in USAF aircraft. Except wherc space, environment, or
performance prohibit it, adaptability can be achieved through interface
accommodation, waiver of standards, and changes in the procurement process.
These requirements often cannot be accommodated within the authority of the
military procuring agency, with the result that frequently a decision is
made to pursue a military development. In many cases, this spawns another
new and individualistic piece of USAF equipment. A PME standard that has
attributes similar to ARINC standards can remove many of these superficial
obstacles to the use of commercial equipments. Among the industry repre-
sentatives we surveyed, there is a consensus that applying a USAF PME
standard is a suitable way to gain many standardization benefits attributed
to commercial practices, even if commercial avionics themselves are not
employed. This notion complements the current USAF standardization thrust,
by providing cross-system advantages of standardization as well as those
gained by the GFE approach. The PME concept can extend from standard
boxes, racks, plugs, wiring, test cquipment, installation design, and
modification process to power sources, cnvironmental control sources,
ducting, and porting. In addition, it introduces a high potential for
commonality in many other aspects across multiple platforms.
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We make the following specific conclusions:

¢ Sizing is the main point of contention associated with a PME stan-
dard. ARINC 404A and 600 Standards are considered "frequently too
large," ecspecially for space-constrained fighter-type aircraft.
Sizing in a PME standard should accommodate qgeneralized USAF needs;
while a single standard wnuld be preferable, multiple standards may
be necessary to serve the full range of USAF needs economically.
Perhaps some combination.s) of USAF and commercial sizing would be
possible, to permit cross-fit of cquipments. Size concerns appear
to loom in the following order of jpriority: first, height; second,
length. Width is not mentioned as a concern.

* The next most severe contention centers around environmental con-
trol, which would require design to maximize long~term benefits of
current and future techniques. 1f designed and implemented care-
fully, an environmental standard could benefit not only the prime
users (such as the F-16 and F-111) but also those who would achieve
environmental control as a bonus. While good cnvironmental design
parameter- certainly do not lower design and acquisition costs,
they do provide lower peak operating temperatures, which, in turn,
reduces equipment failure rates. This scrves to reduce operating
and support costs directly.

e* Convection cooling continucs to serve the commercial airlines
needs because of the availability of pressurized and condi-
tioned cabin air and the acceptability of low-density avionics
packaging. Military aircraft designs, too, lLave continued to
use convection cooling for most avionics installations, in
spite of the performance shortcomings that occur under some
militarv opurating conditions. At the same time, coscalating
performance requiremonts have forced avionics designers to
achleve denser component jackaging, pushing the state of the
art of high-temperature cloctronic components,

** Alternative technigquos for removing excess heat from avionics
components have been amply demonstrated in mission-equipment
installations where forced-air conling is not sufficiently
cffective, Advanced cnvironmental studies arce in process in
industr, today; if the results are available in time, they
descerve assessment before USAEF cenvironmental standardization
features are scttled on,

* Vibration standards and the qualification testing relating to them
need to be reconsidered in conjunction with potential shock mount-
ing techniques. Vibration isolation for a complete avionics box-
i rack combination jresents qualification-test problems; hard mount-
ing is preferable, but vibration test conditions appropriate to
specific aircraft and box locations should be specified. The
. current method of gencralizing requirements frequently leads to
' over-specifying qualification tests and, conscquently, the equip-
ment itself. Benefits —ouid accrue from lower costs for production !
and qualification tcsting.
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* Quality control requirements on piece-parts create cost escalation
for military equipments that is not necessarily incurred by commer-
cial counterparts. In the views of several avionics manufacturers,
however, the higher price of military quality control does not buy
better quality. Rather, MTBF guarantees can be used to provide a
positive incentive for a contractor to achieve proper design for
good performance. RIW also gives the manufacturer a continuing
opportunity to improve equipment performance if he chooses to -- or
needs to -- to forestall an unacceptable deterioration in performance.

7. PME IMPLEMENTATION PLAN

An avionics standard for packaging, mounting, and environmental control
must be applicable to a wide variety of equipments and aircraft and accept-
able to the user and logistics communities. It must be managed according
to a concept that stimulates and facilitates its use, primarily in new air-
craft programs but also in major avionics modernization programs. Decisions
must be made concerning the "depth" of the standardization to be specified,
the form factors and interface parameters that are to be preferred, and the
classes of aircraft to be involved. We conclude that the following specific
matters should be addressed:

¢ Programs within the USAF, in other military services, and in indus-
try will contribute to the formulation of basic design requirements.
Study and planning will also be needed to provide design options
and data from which one or more "strawman" PME standards can be
developed. An AEEC-~like open-forum procedure, involving represent-
atives of the military developer, user, and logistics agencies and
aircraft and avionics manufacturers, is seen as the moust effec-
tive way to produce a well balanced avionics standard and obtain
all-around support for its application.

+ Some of the aspects of PME standardization can be implemented pro-
gressively. For example, a common power standard could be applied
to the electric power supply of the next new aircraft program; exist-
ing configurations of environmental control systems could be upgraded
to meet an improved cooling standard. Other aspects of PME stan-
dardization need cautious planning so that they do not conflict with
technology growth (e.g., in aircraft configuration, environmental
support techniques, and avionics component and device integration)
or with possible subsequent higher levels of standardization.

* While the use of a PME standard generates its own advantages, expand-
ing the concept from one of form, fit (F"), and environment to one of
form, fit, function (F*), and environment raises the likelihood of
future functional standardization, which has been widely discussed
but only occasicnally implemented in the Air Force. The benefits
achieved through the combination of box and functional standardiza-
tion are synergistic: the user and the supplier enjoy continuing
competition, interchangeability, maturity, and ease of modification,
and also work within the framework of a well established, recognized,
and accepted discipline that encourages its own use.
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* PME standardization can be applied to any class of avionics as a
box standard. Function standardization should probably be added
only for common and mature avionics functions -- mission avionics
should be considered, at best, only if they have reached an equiv-
alent stage of maturity. 1In short, F? can be applied to most
avionics; F° probably should be limited to common avionics and
perhaps the less complex mission avionics functions. The following
is a possible sequence of events:

** An initjial "strawman" PME standard could address box size, cool-
ing interface, rack-mounting arrangements, and connector con-
figuration; it should be adaptable to all "avionics bay" LRU
applications.

*s Individual functional standardization planning could follow for
mature avionics subsystems: this would lead to "strawman" stan-
dards for "form, fit, and function" specifications applicable
to future Air Force procurements with standardized interwiring.

e+ As digital data bus standardization becomes more widespread,
standard interwiring constraints will become less burdensome
and increasing proportion of avicrics LRU specifications
could well be upgraded from an F’ content to an F® content.

wWhile PME standardization techniques are appropriate for all USAF
aircraft, the idea of undertaking an entire avionics-system overhaul
to incorporate new avionics standards in existing aircraft does not
appear reasonable. However, when entirely new avionics suites are
being considered for retrofit, as in the case of the B-52, F-4G, etc.,
there may well be merit to a wholesale incorporation of the new stan-
dards. This would need to be evaluated on an aircraft-by-aircraft
basis after basic PME acquisition and installation cost factors have
been ascertained. On new aircraft, the incorporation of a PME stan-
dard would be an integral part of the design process; this appears

to be the most reasonable place to initiate the concept.

8. RECOMMENDATIONS

This section presents our recommendations concerning (1) the use of
commercial avionics by the USAF and (2) the development and implementation
of a USAF PME standard. They are based on the results of the investigation
described in this report.

Commercial airlines standard avionics, existing and future, have valid
applicability to USAF aircraft. We make the following recommendations for
pursuing this course:

* Procedural restraints and maintenance concepts should be reevaluated
and restructured to encourage the use of these equipments wherever
this course is technically and economically valid; appropriate revi-
sions should be made to MIL-Standard directives.

; - * Standardized approaches to solving typical integration difficulties
should be developed.




Volumetric and environmental criteria should be established to give
general guidance on the applicability to high-performance space-
premium aircraft.

Ultimately, each aircraft program decision should be the result of
an individual trade-off evaluation of its common-avionics needs,
interfaces, and cost constraints.

wWhile pursuing the development of its own PME standard, the USAF
should undertake actions to foster greater commonality in avionics
systems; these could include the sponsorship of a MIL-SPEC for the
ARINC 600 low-insertion-force connector and mutual cooperation in
the development of concepts for fiber optics data busses and soft-
ware standards.

The following specific actions are recommended for establishing the
USAF PME standard:

Official USAF projections of new aircraft construction and major
retrofit programs should be reviewed to determine the total market
size for new rack-mounted avionics in the 1985 to 1995 period. The
avionics should be categorized by type oif system (radar altimeter,
INS, etc.), and within each category the prcportion to be installed
in each class of aircraft should be determined. This process will
identify the l0-year equipment universe and performance drivers

for the PME standard and the extent to which retrofit applications
should be consicered.

An overall management approach for the implementation and enforce-
ment of the selected standard should be developed. The approach
should consider the following particulars:

*+ The roles of AFSC and AFLC in implementation and control

*» The extent of participation by industry

*+ Partial versus full-up implementation approaches

*+ Procurement mechanisms

The initial "strawman" standards for consideration by the USAF and
industry technical community should be developed. Following the
guidance provided by the PME standardization road map, two parallel

but related tasks should be undertaken: an electrical and mechanical

commonality analysis and development of alternate cooling concepts.

Candidate avionics for each candidate aircraft should be surveyed
to develop a baseline of potential interface parameters, develop

the permissible numerical limits of each parameter, and identify

the parameters that are applicable to multiple installations.

The result of ongoing studies of cooling technigques conducted by
the military and in contractually sponsored efforts (such as the
Boeing B-1 cooling studies) should be examined for application to
the candidate aircraft/avionics groups.

XX
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Agenda, issues, and procedures should be established for the open-
forum meetings at which the USAF PME standard will be developed.

A PME standing committee should be established, with regular members
from AFSC, AFLC, and the using commands, to oversee the implementa-
tion of the open~forum process. Participants and their assigned
functional responsibilities in the committee should be defined.

During the open-forum meetings, there should be continuing evalua-
tions of the cost/performance impacts of the changes suggested by
the participants. The exact nature of the trade-offs are difficult
to forecast, but it is likely that they will concern, at least, the
following matters:

°+ Avionics acquisition, modification/integration, and support
costs

*+ Avionics repackaging, redesign of aircraft mounting racks, etc.,
and environmental control systems

** Reliability and maintainability

** Mission capabilities
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CHAPTER ONE

INTRODUCTION

This report concerns the standard avionics packaging, mounting, and
cooling (PMC) concepts used by the United States commercial airlines and
their applicability to United States Air Force (USAF) avionics. The study
it culminates investigated (1) the extent to which avionics subsystems
built to commercial form, fit, and function (F) standards might be used
in USAF aircraft; (2) aspects of equipment packaging, equipment thermal
performance, aircraft environmental control, and aircraft elecctromechanical
interfaces to which a USAF PME* (packaging, mounting, and environment) stan-
dard might be applied successfully; and (3) the cost-benefit relationships
associated with various approaches to implementing the elements of a USAF PME
standard. Also, a plan for developing and applying a USAF PME standard was
completed as part of the study.

1.1 BACKGROUND

The United States commercial airlines long have used a concept of
building avionics subsystems to form, fit, and fucntion (F®) standards
known to the industry as ARINC Characteristics. These documents specify
operational performance characteristics that the airlines want manufac-~
turers to adhere to in the design and manufacture of the avionics cquip-
ment they offer. Electrical inputs and outputs (interfaces) are specified
‘in detail to ensure functional interchangeability of the equipments to
achieve complete standardization, the Characteristics are complemented by
a second type of standard known as ARINC Specifications. These specify
cquipment dimensions, mounting, electrical connections, and environmental
aspects. In short, the ARINC Characteristics dictate the internal clec-
trical parameters that must be achicved through functional design of
circuitry and interwiring with other subsystems, whereas the ARINC Speci-
fication dictate the external physical jparameters, including mounting,
cooling, and cabling.

*The term "packaging, mounting, and cnvironment" (PME) is used interchange-
ably with PMC for the purposes of this study. Although the major c¢nviron-
mental aspect discussed is cooling, vibration and shock are other environ-
mental considerations. The term PME is preferred so that the broader
definition is applicable.
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Airframe manufacturers are involved in this standardization process
too, because they must build their avionics bays with racking, mounting,
cabling, and cooling provisions that comply with ARINC Specifications and
ensure that the aircraft wire bundles accommodate avionics interwiring in
accordance with the ARINC Characteristics.

The net result of the ARINC Specifications and Characteristics is
the provision of specific directions on mechanical, electrical, and en-
vironmental interfaces that yield standard and interchangeable equipments.
On the other hand, USAF avionics development and procurement practices
vield equipments whose sizes, shapes, mounting provisions, connections,
cabling, environmental aspects, interfacing details, and signal charac-
teristics are tailored to their original installations. The results are
non-standard equipments that have gencrally standard functions. This
situation evolved because of the USAF's need to apply new capabilities and
technology in short time frames to satisfy constantly escalating performance
requirements. The resultant military procurement procedure has been success-
ful but at the expense of standardization.

Recently, however, the USAF has been emphasizing the use of "standard"
GFE avionics wherever possible. Well known examples are the AN/ARN-127
ILS, the AN/ARN-118 TACAN, and the AN/ARC-164 UHF communications system.
Benefits have been derived from this policy in the form of lower acquisi-
tion cost and significantly higher MTBFs. Table 1-~1 shows some primary
examples of standard GFE equipments currently in use or planned for use in
new~generation USAF fighter/attack aircraft (F-15, F-16, A-10), and the
oider F-4s and F-1lls. This table makes the point that the USAF has ini-
tiated an extensive thrust to reduce the proliferation of non-standard
equipments even in the difficult environmental and space constraints of
fighter aircraft.

In the same vein, many of the equipments shown in Table 1-1 currently
arce used or will be used in less environmentally demanding aircraft types,
such as bombers and cargo aircraft. Because of their multiple-aircraft
applications, these equipments have truly reduced proliferation and yielded
impressive economies.

Fven before this ncew generation of standard GFE egquipment was devel-
oped, the USAF had started using equipments built to ARINC Characteristics
1n some cargo-typce aircraft siimilar to commercial airliners. By these
occasional jurchases, the USAF buys mature, reliable equipments without
the expenditures that otherwise would be needed to develop a suitable
military equipment. This level of standardization does provide some of
the benefits that the airlines enjoy -- principally lower cost and mature
design -- but the additional benefits that flow from standard box packag-
ing, mounting, and cooling are not attainable¢ because military aircraft
normally are not built in compliance with ARINC Specifications and
Characteristics.

To gain all the benefits of standardized avionics and aircraft inte-
gration, the USAF would need to allocate substantial resources to cover
the cost of initial work in avionics development and modification, aircraft
integration/environmental contrel systems, and implementation of the

1-2
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standardization program. Naturally, the USAF is concerned about the
potential for "payback" of these expenditures in the form of increased
operating effectiveness, and reduced cost to manage, install, modify,
operate, and maintain the avionics. As a result of this concern, ASD/XRE
selected ARINC Research Corporation to perform this study under Air Force
Contract F33657-79-C-0717.

1.2 STUDY OBJECTIVES

The contract's Statement of Work identifies the following subjects
for study:

1.2.1 Task 1: Potential USAF Use of Commercial Avionics

The first work of this task was the identification of generic differ-
ences between the Military Specifications and Standards applicable to USAF
avionics procurement and the ARINC Characteristics and Specifications. A
corollary of this work was the identification of general exemptions to the
Military Specifications and Standards that are required when commercially
developed avionics are used.

The second part of Task 1 was a review of specific avionics equipments,

specifications, or functional requirements associated with several USAF
aircraft types to determine the applicability of commercial equipment de-

fined by the ARINC 500 series Characteristics ("Current Commercial Avionics”)

and the ARINC 700 series Characteristics ("Future Commercial Avionics").

The results of the work performed under Task 1 are recorded in Chapter
Two of this report.

1.2.2 Task 2: Cost-Benefit Relationships Associated with the USAF Avionics

PME Standardization

Task 2 started with the development of a systematic methodology for
cost-benefit analysis for such factors as the following:

* Retrofit versus new (future) installations

* 9Smcll aircraft versus large aircraft

* Life-cycle-cost impacts

¢ Reliability/maintainability impacts

* Impact on common avionics versus mission-unique avionics

The second stage of task 2 was the development of preliminary cost-
benefit figures for the following standardization alternatives:

* Avionics LRU packaging standard

* Avionics rack/mounting/interface standard




* Avionics environment standard in aircraft
* Avionics common power standard

* Combinations of the above (full PME standard)

In support of this cost-benefit analysis, industry opinion was soli-
cited on the potential benefits and cost implications of a military avionics
PME standard. The impact of new avionics cooling technologies on PME
standardization alternatives was also addressed. The results of these
two investigations are reported in Chapter Three, while the work on cost-
benefit analysis is reported in Chapter Four.

1.2.3 Task 3: Development Plan for an Avionics PME Standard

On the basis ~f the work reported in Chapters Two, Three, and Four,
a likely scenario for implementing a USAF PME standard was developed. It
suggests that the effort needed to develop alternative PME standards should
be scheduled over the next 1-1/2 to 2 years, and the task descfiptions for .
each work mackage carefully defined. The scenario is prescented in Chapter ]
Five.

A plan for developing a USAF avionics PME standard by use of a “"straw-
man" standard and using-command and industry participation in open-forum
discussions is presented in Chapter Six.

Conclusions are presented in Chapter Seven; recommendations are
rresented in Chapter Eight.




CHAPTER TWO

POTENTIAL USAF USE OF COMMERCIAL AVIONICS

Task 3.1 of the Statement of Work concerns the study of current and
future commercial airline avionics, and the determination of their poten-
tial applicability and cost-benefit relationships to existing and planned
USAF aircraft. ASD/XRE provided guidance on the types of military equip-
ment and operational aircraft that were of primary interest to the USAF
and that should be used to evaluate the seven classes of avionics listed
in the Statement of Work. A copy of this guidance is included as Appendix
A. We also performed an additional evaluation of a VOR/ILS so as to in-
clude a military avionics equipment that was developed to have USAF-wide
application to many types of aircraft. The following avionics equipments
were studied, therefore:

* HF Radio

* Radar altimeter

* Weather radar

* Crash recorder

* Ground proximity warning system
¢ Air data computer

* Inertial navigation system

* VOR/ILS

2.1 TECHNICAL APPROACH

To evaluate the potential use of commercial airline avionics in USAF
aircraft, we had to address the generic differences in civil and military
procurement procedures, design specifications, and qualification-test
requirements, as well as the differences in requirements and specifications
for the designated avionics functions.

s
:
i
'

The USAF (AFSC/ASD/EN) provided technical comparisons between civil
and military standards and information on MIL-Standards changes now under
- consideration. These inputs were included in our analysis and also are
reproduced as Appendix B.
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The generic differences in acquisition methods and standards are
addressed first to identify major obstacles to the widespread use of com-
mercial avionics in USAF aircraft and to list the exemptions from generic
requirements needed if they are to be used. Then each of the designated
commercial avionics equipment specifications is compared with the corre-
sponding Air Force specification to determine the extent of its possible
application in each designated aircraft. Relative costs also are compared
for several equipments to provide a basis for determining potential cost
advantages of the USAF's use of commercial avionics equipments.

2.2 OVERVIEW OF THE COMMERCIAL AVIONICS ACQUISITION PROCESS

In the same way that military avionics acquisition procedures, docu-
mentation, system effectiveness, and safety are governed by the application
of DoD procurement directives, MIL-Standards, and MIL-Specification require-
ments, suppliers of avionics equipment to the airlines are governed by
commercial contract, Federal regulatory agencies, and airline industry
technical standards bodies and documentation. All of these are illustrated
in Figure 2-1. These standards and how they are developed, approved, and
used have been described in other ARINC Research reports*. A recapitulation
of the process is provided here along with such aspects as the specification
and characteristic development process, the airlines/FAA certification
process, and associated business methodologies, in order to introduce the
latest changes and provide background material for the reader unfamiliar
with the process. The process is then compared with the military standards
and procurement practices.

2.2.1 Airline Procurement

The high cost of developing, buying, and supporting aircraft elec-
tronic equipments was one of the major problems faced by the airlines as
they were growing in the 1920s and 1930s. Each of the airlines was striv-
ing to provide safe, reliable, and on-time services to its customers, which
required safe and reliable electronic systems on board the ai.craft. This
meant specifying new equipment and having it developed, bought, and sup-
ported each time an airline recognized a need for improvement or change.
while this process frequently generated new ideas and gave impetus to the
advancement of technology, it also proved to be time-consuming and expensive.

*References:

1. "Adaptability of Airline-Type Avionics Acquisition Processes to Advanced
Landing System Procurement", Publication 1054-1n1-1-1329, October 1974.

2, "Special Report - Summary of Efforts: ASD/(RWSV) Standardization and
Avionics Subsystem Interfaces", Publication 1269-01-1-1449, August 1975.

3. "Air Force Avionics Standardization: An Initial Investigation into an
ASD INS Procurement Concept”, Publication 1269-01-2-1497, May 1976.

4. "Air Force Avionics Standardization: An Examination of Implementation
Alternatives for an Avionics F° Procurcment Concept®, Publication 1902-01-
2-1599, March 1977

5. "Air Force Avionics Standardization: An Assessment of System/Subsystem
Standardization Opportunities", Publication 1910-13-2-1722, March 1978

2-2

[P

o

[

vy

e




\

suoT3jezruebIO
HMCOMUNCH@MC H ———

sotouoby
TeuotrjeN SN

Ax3jsunpul
butanldeinuey

——

——

S2I3STIONJORIPYD
pue suotjestjtoady
IONIFY

suoTIeZIURbIO

AI3snpul SUuT[ITY ——

saojeaadQ
DUTITITY

ve——-

SAQHVANYLS fIVOINHOAL SHINOIAV ARNIDIIV IVIOAHWWOD T T=C oanbird
fVD1 B s NnL1
vo.LM - = — — - =P vvd - R R
suoT3IePDIIIo0lg OSL
[PIUSWUOI TAU]
InInioejnuen 2211 iIne et e 10
o PRSI Sk & (R R i
3}eadaly S5O TUOTAY 1 d
SOT13sTI23DRIABYD Spiepuels
ONIAY eleq pue
sTenuey
033av YLV
3oRI3U0D
~ -
-,
L4
”, Ld
~ 7
N I2Ang SUTTATY ‘
- - - - =
L . B - “ . _ \ . i i




The inevitable growing pains associated with "getting the bugs out" of
new equipments promoted expensive changes and increases in "downtime"; the
equipment became obsolete in a short time, too. BAlso, since each airline
wanted something a little different to satisfy its own operating require-
ments, individual airlines ended up buyving small numbers of unique equip-
ments. This process created a relatively non-competitive marketplace,
because equipment manufacturers dedicated specialized equipment and serv-
ices to single customers.

2.2.2 Commercial Airlines Standards

The airlines recognized these problems. In 1934, they gave the job
of specification development and equipment buying to Acronautical Radio,
Inc. Over the next few years, the airlines and ARINC worked together to
evolve an avionics acquisition philosorhy that is simyle, effective, and
still in use today. It serves the needs of the airlines in buying econom-
ical, dependable avionics. The strategy: get all the potential users
together to discuss their requirements openly, agyree on a singl.: common
set of requirements, and then buy common cquipment to serve those
regquirements.

The central clement of tnis process is the AFINU Characteristic,
F’ syecification.  The F? specification defines eauivment interfaces that
will make it compatible with essentially all airliners 1n rack mounting,
pluag and 1in connections, and the functions it performs. In turn, the
equipment becomes virtually interchang-able tetween airrframes reogardless
of who huilds it. Basic interfaces defined 1in oan ARING Characteristic
includs mechanical (size, shape, mounting devices, and similar jhysical
characteristics), electrizal (pan asstanments, load levels, silanal struc-
tur.s, otc.), and environmental (cosling, dynaries limits, vitration, shock,
etc.). The specification does not toll tiv manufacturer what the internal
design or mechanization of the cquipm nt must e, thorels giving him the

flexilbility to select his components as e foole necossary Lo improve
verformanc. , oo-t, quatity, and competit pvers s

Tie AR character e tie is odewclos o in cnen=forum mee ting chartered
Pyothie Anrlines BElectronte Erganeerineg Sreitooe GARETY and chatred by P
Aeronaati—al Fatio,  The meotinags are attended o arrlines rerrosentatives )
(member e of the AFECT  aned representat oo o e s lectron soand alrframe . -t
manufactur rs.  Togetinr, tihe airlines gl manufa turer., Jliscuss requirements
and jotenti1al solutions over the course of ~overal meotin o until the most h
offoctive, common way to mect the noeds of the airline s ovolves . As shown
in Figure 2=, this 15 accomplished by taking o draft -- - trawnan -- speci- e
fication and using it as the basis for 1o aon, reviewing 1t and updating -
1t as the meetings proceed and as conflicts are rosclved, This jrocess 'J
tyi1ecally takes about one year, but it con vary betwoon six months and two
vears, depending upon the complexit of 1 itaation, While tihns seems a
long time, it dors permit vendors to deve Lo the ir roduct lTines concur- q
rently with the specification develoament, A« a resait, osquliyment roto- o
types are generally avatlable shortly ateor tin new Characterinoic is

ap roved, }
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{ In conjunction with the ARINC Characteristic, the airlines encourage
vendor responsibility by buying equipment warranties with the equipment.

j A warranty is generally defined as an agreement between the parties to
extend the vendor's responsibility to include maintaining his equipment I
in the field to a predetermined level of operational performance for a
given period of time. Since warranties are bcught on a fixed-price
basis, they provide incentive for the vendor to reduce the number of
maintenance actions he must perform as well as the cost of each repair l

' he makes. Since lower repair cost means more profit for him, he will

, strive to make his equipment more reliable (fewer repairs) and more main-
tainable (lower cost for each repair). As a result, warranties can have
the beneficial effect of improving equipment reliability and maintain-

i ability, which reduces operations and support cost to the user. They can

! also improve the vendor's equipment, making it more competitive for subse-
quent sales, and reducing the acquisition costs in the long run.

b~

b

An airline's avionics purchase, made dircctly from the avionics sup-
plier (or made indirectly as part of a complete airframe purchase),
requires compliance with all regulatory standards, so that the FAA opera-
tor's certificate and the aircraft civil certification is not compromised,
Trese standards are defined by an FAA Technical Standard Order (TSO) for
each avionics functicnal system. An application for a TSO authorization

t has to be made by each avionics manufacturer for each model of equipment
offered, in accordance with the Federal Aviation Regulations (FARs) Part 1
37. To conform with the FAA's TSO, the equipment design must have been
shown to provide at least the minimuam standard of performance defined
therein (such as in TSO-C87: Airborne Low Range Radio Altimeter) or
defined by reference to the applicable RTCA Minimum Performance Standard

—

LIRS

{such as DO-164 - Alrborne Omega Receiving Eqguipment, for TSO~-C94). 4
' Environmental testing requirements are similarly defined in the TSO or .
) in RTCA DO-160. Details of the manufacturer's quality-control system i
(including subcontractor/parts supplicr quality assurance) must be sub- 34
mitted, if not already on file with the FAA. TSO-authorized manufacturers ’
must maintain data files or all equijments, must report failures, mal- IR
functions, and defects that impact safety, and must allow FAA inspection ' 3
of data files, manufacturing facilities, qualitv-control jprocedures, and .
the manufactured article.
The categories of environmental testing that are required to be met j
depend on the host alrcraft type(s). These data, and details of the air-
= craft system interface, must be determined from the relevant alrcraft I
manufacturer(s).
The airline's avionics purchasic ordcer will usually also require adher-
ence to the avionics system confiqguration <ot out an the AREC ¢ juipment I
Characteristics, such as ARINC Characteristic 524 - Fadlo Altimeter,
These documents are in conformance with ARING 5. cifications 4044 (Racking),
406A (Standard Interwiring), and 427 (Digital Data Format), which define }
the aircraft/avionics interface desired by the marerity of airlines.  As !
discussed above and shown i1n Fiqure J-0, the ARINT characteristic s oa

— .- . . ey -
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result of coordination among the airlines industry, the avionics industry,
and the principal commercial transport aircraft manufacturers; however,
the negotiated contract will define any srecific options or exceptions
required by the purchasing airlinc.

Finally, data detailing installation, testing, and support procedures
will be required to be provided by the avionics sujp:lier in conformance
with the operation and maintenance manual format laid down by the Air )
Transport Association of America (S;eccification for Manufacturer's Techni-
cal Data, ATA-100). This manual is written so that it lends itself to
training purposes, explaining the comyonent's functional characteristics

where these arc c¢ritical and/or limiting -- and why -- and pointing out
any self-test or condition-monitoring features built into the component,
and their capabil.ties. Detailed step-by-star jrocedures for bench/shop

testing, adjusting, and troubleshooting the entire component arc provided.
These procedures are arranged in such a manner that they progressively
iscolate and identify each assembly, subassembly, or part(s), and then
verify the integrity of the component after corroctive action has been
taken. They include visual checks, tests, and rofer to applicable disas-
sembly procedures. Testing is keved to isolating possible troubles and
indicating repairs to parts such as circuit boards, medules, ctc. As
faults are identified, remedial actions such as adjustments or parts
replacement are given.

Equipment can be purchased "in compliance with" any apyplicable ARINC
Characteristic even thouah it may contain features not required by that
Characteristic. This can be done as long as the desired features are not
prohibited by the Characturistic or do not regquire changes in the F’

requirements. Airlines also negotiatc maintenance agrecments, old equip- k.

ment trade-in allowances, and other considerations of value, to reduce
the effective price significantly below the published price. The agree-
ments are considered highly proprictary by both buyer and seller and are
never disclosed. Because of this facet, airlin~s cost data that would be
needed to perform conclusive cost~benefit analysis in this arca arec not
available.

Table 2~1 summarizes the functional correspondence between military
and civil standards.

As 1is the case with their military countcerparts, civil standards are
updated, amended, or superseded from time to time to take account of newly
evolvirg operational reguirements and technological capabilities and to
corre~t observed deficiencies.

At the present time, the ARINC specifications and Characteristics are
underqgoing major chanyes by virtuw: of the addition of ARINC Specification
600 (Avionics Racking/Interface/Cooling) and the ARINC 700 series of
avionics systems and oequiyment Characteristics. Newly developed commer-
cial airlines digital avionics equipment has been desianed in response to
this Specification and is being produced for the commercial market. It is,
therefore, particularly timely to ~valuat. the degreoe of applicability of
such a specification to USAF aircraft o stems.
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Table 2-1. FUNCTIONAL CORRESPONDENCE BETWEEN MILITARY AND

CIVIL STANDARDS

Mili ivi
Standard } }tary glVIl
Specifications Requirements
Electrical Bonding, MIL~-B-5087 FAA, FAR 25.581

Lightning Protector

General Avionics
Specification
Communications Standard
Electromagnetic
Interference

Digital Data Format/Bus

Environmental Testing

Aircraft Elcctric Power

Form, Fit, and Function

Standard Interwiring

Maintainability/
Documentation

MIL-STD-454
MIL-E-5400
MIL-STD-188
MIL-STD-461
MIL-STD-462
MIL-STD-1553

MIL~STD-810

MII.-STD-704

MIL-STD-431

ICAO Annex 10
FCC regulations

FAA TSOs or
RTCA DO-160

ARINC-429
ARINC-453

FAA TSOs or
RTCA DO-160

FAA TSOs or
RTCA DO-160,
ARINC 413A

ARINC 404A
ARINC 600

ARINC 406
(Basic, updated
by bulletin)

ATA, ATA-100

ARINC Specifications define general system interfaces and ARINC
Characteristics define specific functional, opcrational, and performance
The key specification that has been in use since 14956 is
ARINC Specification 404 -- Air Transport Equipment boxes and Racking (ATR).
Avionics equipments defined by current ARINC Charactceristics (the "500
series") comply with ARINC 404A and provide a high dearce of interchange-
abilitv between like units supplied by different avionics manufacturers.

requirements.

[—

o

Following its New Installations Concept (NIC) Subcommittee activities,

the AEEC has implemented ARINC Specification 600 to define the airlines’

requirements for avionics equipment interfaces in new generation transport
aircraft (1980 and onward) and optional retrofits.
conforming to ARINC Specification 600 are defined ' ARINC Characteristics

in the

"700 series". The ARINC 70

Avionics equipments

N series Characteristics also standardize

]
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data input and output to the digital formats of ARINC Specification 429,
Digital Information Transfer System (DITS) and, where appropriate, to
ARINC Specification 453, Very High Siced Data Bus.

The principal advance of ARINC Specification 600 over ARINC Specifica-
tion 404A is in ensuring the availability of improved cooling by limiting
the avionics thermal dissipation according to the LRU case sizc, a.:d by
requiring adequate quantities of clean cooling air to be furnished to it.
Other changes redefine the allowed avionics case sizes in terms of modular
concept units (MCils) from 1 MCU to 12 MCUs in width (8 MCUs is equivalent
to 1 ATR short box size; the ATR long box size is not allowed), and intro-
duce a new style "low insertion force" rear connector and revised box
hold-down arrangements.

Current USAT aircraft are more compatible with the ARINC 404A avionics
integration standards and ARINC 500 series cquipments. Many such installa-
tions have been made, usually in conjunction with a military procurement
of a civil-certificated aircraft, but also for ncoeded avionics moderniza-
tion (replacing obsole:cent MIL-SPEC coquipment) .

2.3 COMPARISON OF MILITARY AND AIRLINES STANDARDS

Because of their different origins and obkjectives, there is consider-
able divergence between the military standards and specifications that
govern USAF avionics procnrement, and those that scrve a parallel function
for civil aviation ~-- FAA, PTCA, 1CAO performance standards and commercial
airline (ARINC) form, fit, and function (FF) characteristics. During this
study, we reviewed a large number of both military and commercial specifica-
tions and standards in attempting to determine some of the major differences
between them in both purpose and use. The following discussion documents
our findings in this regard.

In seeking to limit the proliferation of unique aircraft/avionics/
environmental system reauirements and extend Alr Force use of commercially
available avionivs equipment, there 1s concern that many of the safeguards
that have been built into the MIL-STD/MIL-SIIC procurement system could be
circumvented. This concern is parcicalarly anplicable to equipment that
is to be used in combat-mission-oriented aiveraft.  Any PME standard
developed by the Alr Force will need to address these concerns fully, and
allow for the safeguards folt necessary by the military over and above the
normal flight safety hazards that are addressed caually by both military
and civil/commorcial regulation.

The most obvious difference bhetweoon military and commercial standards
is that, excent for a ver: few P’ syecifications recently issued by the
Air Force, military, standards aloo provide extensive how-to-build-it guid-
ance. This qguidance (from MIL-E-5400 and the many MIL-standards and spoeci-
fications referencoed thercin)  covers selection of plece parts, uali fied
vendor tests, mat crial specification:, workmanchi: specifications, safety-
engineering plans, humin-eongincoring ; lans, otoe. The airlines depend
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instead on their knowledge of supplicrs' products to achieve the level of
quality that they require and to maximize the cost-cffectiveness of the
avionics equipment they purchase. This difference in procurement philos-
ophy would require a substantial change by military huyers in the specifi-
cations they reference in governing procurement documents. In addition,
some changes from typical maintenance and logistic practices could be
required, unless a given equipment is procured only from a single source.
However, this would eliminate the competition between suppliers and the
leverage provided by that competition to control price and gquality.

Other differences between military and airlines standards are outgrowths
of the need for military standards to apply tc a broad spectrum of aircraft
types and missions, while airlines standards apply only to transport aircraft
used for passenger service. In general, commercial cguipment provides
satisfactory service for large military transport aircraft when used in
complete suites and not intermingled with military comion/corc equipment.
Airlines avionics equipment is much less applicable to military high-performance
aircraft because of differences in missions, environrcntal factors, ailrcraft
operating paramcters, and the space available for avionics equipment. There
are circumstances, however, where commercial avionics may be directly appli-
cable to high-performance aircraft. For example, the YF-16 prototype flew
with a modified (three-channel) commercial inertial navigation system (INS)
bef-re the mission avionics suite was sclected. It reportedly performed
in an outstanding manner and demonstrated very high reliability; unfortunately,
space criticality required a smaller unit for mission purposes. Based on
this performance, the USAF initiated a program to develop first an F3 speci-
fication and then the resulting hardware for a standard medium-~accuracy INS
that could fit and perform cqually well in any USAF aircraft requiring a
medium-accuracy INS capability. This F'OINS is currently undergoing procure-
ment for the A-10 aircraft.

As a result of our review of military and commercial specifications
and standards in conjunction with ASD personnel, we developed both generic
classes of differences and specific waiver oxemptions we feel would be
apr.licable to use of purely commer<ial standards for military application.
Table 2-2 summarizes the types of gencvral differences that eoxist between
military and airline general guidance structures. The following are the
major exemptions from military generic standards required when off-the~shelf
airline avionics equipments are to b usced:

(1) Permit use of nonstandard | icce parts and changing of picce parts
as desired by the manufactur-r

(2) Waive requirement for MIL-STD manufacturing drawings and process
specification:

(3) Tf nuclear and EMP hardening is regquired, test specific equipment
design to determine ability o withstand the necessary stress

(4) Waive requirements for fanlt isolation by BITE below LRU level

IR

(5) Waive requirement for inherent MIL-5TD-1503 compatibility
{ i Y
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{ Table 2-2.

AREAS OF DIFFERENCLS BETWEEN MILITARY AND AIR-
LINES STANDARDS AN PROCUREMENT PRACTICES

Classifications

Remarks

" Physical and Performance
' Constraints

Size/Form Factor

Shock/Acceleration/
Vibration

- Performance

Electrical and Mechanical
. Interface

Type and lcocation of
connectors

Cooling air requirements

Data bus forxmat

; Data bus protocould

! BIT philosophy

Procurement Documentation
Method

r? versus end-item
specification

Use of MIL STD picce
parts

Organic Maintenance vaersus
Warranty, ctc.

These problems clicit go/no-go
decisions. Airlines equipments
may be too big for space-
premium aircraft, may not
withstand the physical environ-
ment, and may not provide
desircd performance
characteristics.

These problems arise from the
differences hetween airlines
and military design practices.
Airlines equipments are usable
with waivers and interface
modifications.

These nroblems indicate a need
to change procurement and
maintenance methods and poli-
cies.  Dirferences do not
change the functional adecuacy
of airlines cguipments.

(6) Limit temperature requirements to Class 1/0X)

MIL~E-5400R)

series oquipment)
type equipment
range

(for ARINC
is reguired by the

or Class 2(X)
and rrovide for cooling-ailr according to ARINC 404A
(for ARINC 500 series cauipment) or ARINC GOO
1f this
to withstand full militar:

specific airline-
ambiont temperature

(8)

Permit us. of roar-mounted blind-mating conncctors

Deterinine by test the ability of airline equiiments to withstand
vibration levels as measurced in the aircraft at the specific
location wher they are to be used:; we vibkratior isolation
mount:s

as required for locations close to sources of high-level

vibration




(9) Assess the adequacy of civil aviation electromagnetic inter- 1
ference (EMI) standards against the actual characteristics of ‘
mission avionics on each aircraft considered as a candidate
for commercial avionics and waive (or do not reference in
procurement documents) those EMI specifications that are not
essential to satisfactory performance

2.4 APPLICABILITY OF DESIGNATED COMMERCIAL AVIONICS EQUIPMENT

This section discusses in detail the applicability of existing com-
mercial avionics (ARINC 500 series Characteristics) and future commercial
avionics (ARINC 700 series Characteristics) to USAF use. This section
shows that:

* Existing commercial avionics are broadly applicable for use in
large military transport aircraft, requiring only relatively
simple racking and interface changes cven in aircraft
not originally designed for commercial avionics.

¢ Existing commercial avionics can be used in bombers and other
penetration aircraft if racking and interface modifications are
made in the aircraft and if the aircraft and/or avionics are modi-
fied to provide required interfaces with mission equipment to
prevent EMI and to provide for EMP and nuclear hardening.

* Existing commercial avionics will not generally be applicable to
high-performance aircraft, although in some cases available space
may permit installation of selected avionics and necessary
interfaces.

* Future commercial avionics will require similar adaptive work.
In addition, because they accept only digital inputs and provide
only digital outputs (both to the ARINC 429 format), they will
also require additional interface equipment to make them compatible
with existing analog inputs and/or with the MIL-STD-1553 data bus.

Table 2-3 lists our findings on the degree of utility of ARINC 500-series
equipments in military aircraft.

2.4.1 Applicability of Commercial Radar Altimeters

ASD/XRE has requested that the considerable data gathered by ARINC
Research, under contract to Warner Robins Logistic Center, in developing
the specification for the low altitude radar altimeter (LARA) and high
altitude radar altimeter (HARA) be used to evaluate the utilization of
ARINC 552A or ARINC 707 radar altimeters in the H-3, C-130, F-4C/D/E,
F/FB-111, H-53, C-130E/H, A-7D, and C-141A aircraft to replace altimetcrs
such as the APN~150, APN-155, APN-167, and APN-171. As a result of the
availability of these data, altimeters are discussed at a level of detail
beyond that possible for other classes of avionics. The results of our
detailed comparison between the LARA specification requirements are given




Table 2-3. DEGREE OF UTILITY OF ARINC 500-SERIES
EQUIPMENTS IN MILITARY AIRCRAFT

i ARINC 559A | ARINC 5524} ARINC 564 | ARINC 573| ARINC | ARINC 5€5 | ARINC
Aircraft HF Radar Weather Crash 594 Air Data (561-11

Type Radio Altimeter Radar Recorder | GPWS Computer INS
A-7D o* 2,5,6 0 0 0 7 0
A-10 2,4,5,6,9 8 8 8 8 8 8
FB-111 2,4,5,6 2,5,6 0 8 8 7 0
B-52 2,4,5,6 0 o] 8 0 8 8
c-5 2,4,5,6 2,5,6 5 7 1 1 1
c-9 0 0 0 1 0 0 0
C-130 2,4,5,6 5,6 5,6 0 8 8 9
C-130E/H 2,4,5,6 5,6 5,6 0 0 (o] 8
c-141 2,4,5,06 2,5,6 5 1 1 2,5 1
E-3A 7 1 5 7 8 1 1
E-4 0 0 0 1 0 1 0
KC-10 0 o] 5 0 0 1 o]
KC-135 2,4,5,6 2,5,6 0 ¢ 0 8 1
T-43 0 0 ¢} G 1 0 0
vC-137 0 0 0 1 0 0 0
VC-140 0 0 0 0 1 0 0
F-4 8 2,5,6 8 8 8 7 2,6
F-1l6 8 8 0 8 0 7 6
F-111 2,4,5,6 2,5,6 8 8 8 7 2,6
H-3 0 3,4,5,6 0 8 0 7 8
HH-53 0 2,5,6 0 0 0 7 8
*Code:

0 - This subsystem not addressed.
- Commercial unit now installed.
- Physical/interface changes in avionics required.
Group "A" changes required.

1

2

3 -

4 - ECS changes required.
5

standard.

6

7 ~ Not usable.

8 - Not currently installed.
9
NOTE:

RNAV:

VOR/Marker and LOC/Glideslope;

- Not currently installed but space rescrved.

Airline avionics functions not listed are as follows:

Military uses LOC/Marker/

Glideslope; AN/ARN-127 is becoming the de facto standard.

DME :

the de facto standard.

- Features required beyond normal airline use but within ARINC functional

- Group "A" changes beyond those required for anticipated MIL replacement.

Military uses the full TACAN format; AN/ARN-118 is becoming




in Appendix D, with direct reference to those LARA specification paragraphs
to which ARINC 552A and/or ARINC 707 radio altimcters would not conform.
Since the ARINC 552A and 707 altimeters are low-altitude instruments (air-
lines use radar altimeters only for final approach and landing), only the
LARA comparison is applicable. Consequently, the feasibility of using
either the ARINC 552A altimeter or the ARINC 707 altimeter is measured by
its ability to meet the requirements.of the LARA specification. However,
the LARA specification requirements have been chosen to permit its use in
all of the listed aircraft. Consequently, ARINC altimeters may be accept-
able for use (instead of the LARA) in some of the listed aircraft, even
though they could not be accepted for all. ARINC Characteristics permit
substantial variations in equipment capabilities so long as stated minimum
standards are met and the physical and electrical interfaces between the
equipment and the aircraft are not affected. Consequently, special con-
figurations that more closely approach the LARA specification requirements
could be procured by the Air Force and still be in compliance with ARINC
552A (ox 707).

The numerous differences between ARINC 552A and/or 707-1 and the LARA
specification show clearly that the LARA could not be replaced by an equi-
valent commercially available equipment unless some current requirements
were traded off. That is not to say that an ARINC 552A altimeter could
not replace the existing radar altimeter in many of the current aircraft
if the variation in physical size can be accommodated. Modifying an ARINC
552A R/T and providing a different indicator to permit operation to 5,000
feet would satisfy functional requirements of most of the aircraft types,
and this is assumed in the determination of the applicability of ARINC 552A
altimeters to specific aircraft types.

Table 2-4 summarizes the applicability of ARINC 552A radio altimeters
to current USAF aircraft of interest, giving the currently installed radar
altimeter nomenclature and describing briefly the changes in the avionics/
aircraft interface that would be needed for a commercial unit to be used.
The ARINC 707-1 altimeter would be similarly cffective in future aircraft
integration efforts where its all-digital signal format is appropriate.

2.4.2 Applicability of Commercial HF Radios

ASD/XRE suggested that the study examine the possible utilization of
the ARINC 559A or ARINC 719 HF radio in the B-52, KC-135, C-5, F-111, and
FB-111. This radio would replace radios such as the ARC-65, ARC-58, AT-440,
ARC-123, and 618T. It was suggested that the study cxamine the ARC-XXX
radio charactcristics as defined by WR-ALC/MMIM, Military requircments
that affect utilization of a commercial HY radio should be identified.

Thus, if the ARC-XXX is intended to become a standard USAF HF radio to be
used to replace the listed HI' radios in the listed aircraft, the fecasibility
of substituting the ARINC 559A or ARINC 719 iit' radios for the ARC-XXX for
the aircraft update modification should be assessced.
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Table 2-4. APPLICABILITY OF COMMERCIAL RADAR ALTIMETER

1
. . Current Radar Changes Needed for Use of
or.
é Aircraft Type Altimeter ARINC 552A Unit
: i CH/HH~-3~E AN/APN-150 Larger space (vice AN/APN-150)
',fi ) New A-k°“t, rack, and connector
’ i Cooling air
C-130 A/B/E AN/APN-22 Larger space (vice AN/APN-150)
C-130 E/H/P/N AN/APN-150 New A-kit, rack, and connector
AN/APN-171 Cooling air
F-4 C/D/E AN/ARN-155 Larger space

New A-kit, rack, and connector

Cooling air

Scale factor on analog rate
output

F/FB-111 AN/APN-167 Slightly larger space

New A-kit, rack, and connector
Scale factor

Track/no-track signal

HH-53 AN/APN-171 New A-kit, rack, and connector
Scale factors
Flight system coupler outputs

A-7D AN/APN-194 Much larger space

New A-kit, rack, and connector
Scale factors

Extra output signals

C-141 HF-9025 B/A Larger space

"AWALS" New A-kit, rack, and connector
Scale factors

Track/no-track signal

c-5 P/N 41003 Larger space ]
New A-kit, rack, and connector 1
Scale factors

Extra output signals

E-3 ARINC-522 unit None
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2.4.2.1 Difference Between ARC-XXX and ARINC 559A Equipments

There are several differences that inhibit the ARINC 559A radio used

by the airlines from being a direct replacement for the ARC-XXX. These are
shown in Table 2-5.

Table 2-5. DIFFERENCES BETWEEN ARINC-559A AND ARC-XXX

Characteristic ARINC 559A ARC-XXX
|
I :quency Range 2.8 to 24 MHz 2.0 to 30 MHz
Sideband Selection Upper only Upper or lower
(selectable)
Channel Spacing 1 KHz 100 Hz
Audio Baseband 350-2500 Hz (6 dB) 250-3100 Hz (1 4R)

Power Output (PEP) 200 watts (temporary 400 watts
expedient), 400 watts

desired
Physical Size 7.62"nighx 7.5"wide 7.62"high x 10.125"
x 12.52" deep wide x 12.0625" dcun

(3/4 ATR Short)

However, commercial HF radios can still be procured to the older ARINC
Characteristic 533A. These satisfy all of the listed ARC-XXX requirements,
except the audio baseband width (which can be 6 db down at 300 Hz for the
ARINC 533A wide-band option) and physical size (1 ATR long instead of 1 ATR
short for the ARC-XXX). A Collins radio built to ARINC 533A (the 618T) is
currently used in the C-130E, BC-130 H/N/P, and the C/NC-141 aircraft.

In other aircraft, ARINC 533A units are not considered because of their

7 inches of extra length, which would make them unattractive as substitutes
for the ARC-XXX in most of these aircrart.

2.4.2.2 Differences Between ARC-XXX and ARINC 719 Equipments

ARINC 719 currently exists only as a first draft propared by the ARINC
staff and circulated to AELEC members for comment; until AEEC approval occurs,
the draft is not a statement of airlines industry policy. 1t is anticipated
that at least minor changes may be required when audio system minimum stan-
dards, currently being developed by RTCi Special Committee 132, are issued.

The draft ARINC 719 invokes the cooling and packaging clements of
ARINC 600 and the digital control/data elements common to all ARINC 700
Characteristics. The R/T unit is not compatible with ARINC 559A control
panels. Compatibility with ARINC 559A automatic antenna tuners, however,
is required. A cooling-air-flow rate of 110 Kg/hr of 40° C (or cooler) air
is required, and power dissipation of 500 watts maximum for continuous
transmissions is specified. The R/T is specified to be 6 MCUs, which is the
ARINC 600 equivalent of the 3/4 ATR size.

2-16
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ARINC 719 states, "...it would be wise for the manufacturer to design
the equipment for ease of modification to provide for the 100-Hz channel
spacing if it were to be requested by the airlines. The manufacturer,
though, should take care in keeping the additional cost for the convertibil-
ity down to an absolute minimum in order not to lose marketability of a
radio which selects frequencies in 1 ¥Lz increments only." Minimum output
power (PEP) is specified as 400 watts with a commentary that, "...users will
reluctantly accept, as a temporary expedient, the reduction in power output,
as a manufacturer's option..." to not less than 200 watts PEP.

This will make it easier to obtain the 100-Hz channel spacing and 400
watts output in an ARINC 719 radio than in an ARINC 559A radio and, possibly,
permit USAF use in place of the ARC-XXX without significant modifications
from equipment procured by the airlines. The ability to select either upper
or lower sidebands and to obtain an audio baseband (compatible with the
ARN-XXX specification and with MIL~STD-188) would be non-standard. Modifica-
tions to achieve these capabilities may be possible within the 6 MCU ARINC 1
719 box size.

2.4.2.3 Feasibility of Air Force Use of ARINC 559A or ARINC 719 i
Equipments

It appears that ARINC 559A or ARINC 719 radios, modified as indicated
above, may be used instead of ARC-XXX to replace ARC-65, ARC-58, AT-440,
ARC-123, and 618T equipments. Both ARINMC 719 and a version of ARINC 559A
employ a data bus rather than multiple wires to transmit frequency-selection
commands from the control panel to the R/T, as is required by the ARC~XXX
specification. (This is not a feature of any of the units the ARC-XXX is
intended to replace.)

2.4.3 Applicability of Commercial Weather Radars

We examined the possible utilization of an ARINC 564 or ARINC 708 radar
in the C-141, KC-10, C-5, C-130, E-3A, and KC-135. These aircraft currently
use the following radars:

Aircraft Radar

KC-135 APN-59 (B)

C-141 APN-59(B)
KC=-10 RDR-1T'E (modified)

(ARINC 564-7)
c-5 Norden Multimode Radar A
C-130 APN-52(B) 0ld Mircraft 1
C-130H APD=-122(V)5

E-3A AV=33(X) X (ARINC tU64-7)
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The use of a separate weather radar is not customary in other aircraft
types, and in those types under consideration for installation of a new
Common Multimode Radar (CMMR) (F-16, F-111, F-4E, B-52G/H, and other
future applications) weather capability could be achieved by including
a weather mode in the CMMR.

The Norden multimode radar in the C-5A has X-band and Ku-band sub-
systems, with the X-band system functionally similar to the APQ-122(V)5.
AN/APN-59(E) radar is now being procured to replace thc¢ AN/APN-59(B),
replacing vacuum tubes with solid-state circuitry where practicable without
significant form, fit, and function changes.

The RDR-1FB (Modified) and AVQ-30(X) are ARINC 564 commercial radars
with minor modifications to more closely match military needs.

The AN/APN-59(E) and APQ-122(V)5 are designed and constructed to the
full MIL specification tree. They provide long-rangc mapping, weather
detection, and beacon interrogation. In the mapping mode, maximum CEP
position errors of about 1/2 nautical mile at 50 NM range are specified
for the APX-122(V)5 and 1.5 miles for the APN-59(E). Interfaces with the
aircraft are through synchro-signals and analog pulses. Frequency agility
capability and operator adjustment of frequency within the range 9,000 to
9,500 MHz is required for the APQ-122(V)}S5. Primary control and display
are from the navigator's station, with partial operating controls or over-
ride controls located at the pilot's and/or copilot's stations, where job
assignments or flight safety considerations dictate.

2.4.3.1 Use of the Airlines Radars Built to ARINC 564

Radars built to ARINC 564 are not required to provide precise mapping
or beacon-reply-reception capability. In the mapping mode, CEP position
error will be about five times that allowed for the APQ-122(V)5. Scan
coverage is only #90° (#120° maximum permissible), instead of the full-
circle scan or adjustable sector scan required in the APQ-122(V)5 and
APN-59(E) specifications. The addition of beacon-reply reception has
already been accomplished in commercial radars jrocured by the USAF; it
may also be possible to provide the desired antenna coverage and sector
scan features in an ARINC 564-7 radar.

It is unlikely that any ARINC 564-7 system can be modified to ade-
quately replace the APD-122(V)5 capabilities for mapping accuracy, fre-

quency control, and frequency agility desired by the USAV.

2.4.3.2 Use of the Airlincs Radars Built to ARINC 708

ARINC 708 describes an all-digital radar compatible with airlines plans

for new aircraft. A radar built to this Characteristic will not accept or
output analog data or controls and, thus, will not be compatible with cur-
rent military aircraft, which require such analog intcrfaces, without the

use of analog-to-digital or digital-to-analog interface cquipment., For

1
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new aircraft capable of interfacing ARING 409 low-spesa and ARG 453
high-speed digital signals, they could e adar ted to ,rovide the same level
of performance as the RDR-1FB (Modif€iod) ,rovides for the Ko-10 A and the
AVQ-30X(X) provides for the E-3.

2.4.4 Apjplicability of Commeroial - rah Lara heoords ro:

We examined the possible utilizarion of an AKIRC S0 seriss or ARINC
700 series flight data reccorder in “be =5, -, V=137, C-141, E-3A, and
E-4.

The FAA requires the recording of specificd flight data and cockpit
voices in such a way that the recording medium will survive a crash and
the recorded information <an be roecowver:-gd.

2.4.4.1 Airlines Crash Recordors

Airlines separate the voice and data recordings by jroviding a cockjit
voice recorder and an aircraft intoarated dara svstem.  The integrated data
system provides a data-aciquisitisn vntem that receives analog and/or
digital data and converts it to a form sultabls for recording, and a re-
corder (located to ensure survivabilit. of t:. recording medium) that
accepts the output from the data-ac:aisition arit, Jommercial airlines
aircraft use the system defined i ARINCG 73, which includes a flight
data acquisition unit (FDAU), a digital fli1iht data rocorder (DFDR), an
accelerometcer, and an optional flight dasta entry jancl (FDEP).  The DFDrx
is designed to meet the FAA survival :itv-of-recording-re-dium regquirement
when mounted in suitable jositions on the atrceraft.  The FDAU 1s designed
to interface with analog data source: and with diagital data sources com-
patible with ARINC 575/576 and te cenvert inruattod data to a form suitable
for presentation to the DFDR.  RBoth the FDAU and the DIDR are 1,70 ATR long
packages per ARINC 4044, lthough AKINC 573 specifically vermits non-standard
DFDR stzes with a free (pendant) connector terminating the airveraft wiring
for cases where (forcign) civil regulations authoritics require the recorder

to be eject-1 in a major crash.

New aircraft will usc the Akl 717 flight data acquisition and
recording system, which is similar to ARINC 572 cauiyment oxceyt:

(a)  The FDAU of ARINC 73 is reolaced 10 a digital flight data acqui-
sition unit (DFDAU) , whi—h 1¢ omratitle withy APINCG ¢ in all
rospects, Ttes stz is 6 Mot (390 ATR Short), and 1t Jdigital
inputs accept only data 1 ARTNC 429 format. Analoa data are

also accepted.
(b) Ther DFDAU uses low-inscrtion-for o conmpee ot ors but 16 ctierwlse

interchangeable with the ARG 7 rocornder.

A separate voice recorder compat i le with AFING 67 1g uned by the
airlines. Since neither of the rocorior. 12 rounted 1n the avionios

equipment rack, compatitility wisn ¢l Cootinr vy mernts ot ARING oot s
not required; thercfore, e 700 oy Croaracceor o 1o orrs oty lanned

for either data or vaize rocord r,
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{ 2.4.4.2 Crash Recorders in USAF Aircraft

The E-3 aircraft uses a combined crash position indicator (CPI) beacon i
and flight data recorder which provides 28 channels of flight data and 3 {

voice channels and satisfies FAA requirements for both flight data and |
voice recording. Either the ARINC 573 or 717 ceguipments could be substi-

tuted for the flight data records section of the CPI/FDR installation with y
more than adequate data capacity. Neither could provide the voice capa- {'

bility, however, and a separate voice recorder would be required.

The E-4, C-9, C-141, and VC-137 aircraft already use commercial flight

data recorders built to ARINC 573 (Lockheed 209, Fairchild 5424, Fairchild R
v 5924, and Lockheed 109C, respectively), or others designed to the same
: ARINC Characteristic. {

The C-5 aircraft uses a unique recorder, made by Lockheed, which pro-
vides 42 data channels and a single voice channel. Only 30 minutes of
history are recorded. As with the E-3 recorder, an ARINC data recorder i
could be used to replace the C-5 digital recorder for data, but a separate
volce recorder would be required.

2.4.5 Applicability of Commercial Ground Proximity Warning Systems (GPWS)

ASD/XRE suggested that we examine the possible utilization of an {
ARINC 723 GPWS in the C-5, C-141, T-43, and VC-140 aircraft. Currently
all of these aircraft use the Collins CPN-622-2615-5000, which is a com-
mercial unit built to ARINC 594. This demonstrates the ability of equip-
ment built to ARINC 534 to serve in the listed aircraft or other transport-

e

type aircraft requiring either Category IIT instrument landing capability, .
FAA certification for passoenger service, or both. The ARINC 723 system

= will be applicable for such service in those new or modified aircraft that i~
may be designed to jrrovide ARINC 429 digital interfaces and cooling air to l i

APINC 600 standards.

2.4.6 Applicability of Commercial Air Data Computers :

We studied the possible utilization of a commercial air data system
to replace the air data computer function in the E-3A, the E-4, the KC-10, i B
and the C-141 aircraft. The central air data computers currently used in
these ailrcraft are:
- T

Aircraft Computer :
atrerart SOMpREer i X
F-3A Hloneywell H-18V (standard commercial) I
E~-4 Bendix 10=-392.-3 (standard cerwmercial) !

Ke-10 Honeywell HG-280D (standard commercial)

C-141 Bendix CPU/43-A to MIL-C-38037

)4




The first three air data computcrs are the same as those used in the
civil aircraft that are modified to produce the I-3A, E-4, and KC-10, and
are designed and constructed to ARINC 500 series Characteristics. They
demonstrate the feasibility of using these commercial standards for mili-
tary transport aircraft. The Bendix CPU/43-A central air data system is a
fully militarized equipment built to MIL-C-38037, utilizing the full mili-
tary specification tree invokoed by MIL-E-5400. The CPG/43-A is similar to
an ARINC 565 air data system, but has multijle~-function outputs not provided
by ARINC 565, Some of these are independent duplicate outputs to different
loads and some have differcent output formats (such as a dc potentiometer
output in addition to synchro outputs for altitude). In addition, eight
"OC" differential pressure outputs are gunerated in relation to excitation
signals from the automatic flight control system (AFCS), or functions
derived therefrom. These are within the optional provisions of ARINC 565.
An ARINC 565 air data system would have to be built to special order to
provide the additional outjuts of the CPI/43-A,

2.4.7 Applicability of Commercial Tnertial Navigation Systems (INS)

ASD/XRE directed that the baseline INS against which airlines INS
systems should be compared is the "standard" moderate-accuracy INS (SHMA
INS) discussed earlier in this charter s the Air Force P’ INS. It is
described in Exhibit ENAC 77-1, "cCharacteristic for a Moderate Accuracy
Inertial Navigation System (INS)". Alrlines incrtial navigation systems
compatible with ARINC Characteristics o6l-11 and 7494 are to be considered
as candidates for use in the A-1d, #=1e, =111, -4, and AMST aircraft
if they can satisfy the same form, i+, aiad Tanction regquirements that
are specified for the SMA INC.

i}“f,FﬁfﬁhARINEHFEFEEthr—

2.4.7.1 1Ircrtial
istic o

1

AKINC Characteristio ol-11 doovibess an fnevtial navication svstem

sultable for use Inairli.o =<t o ord arcraSt and comratible with air

data systems, auto; 1lots, and othvr o cociated ceuipments used in airline
service, Tt accepts seswontial brat ol nd analoa inraats, and provides
sequential digital and anal:ie catoars o its Tun ctions are substantially
identical to the SMA NS, Sy oo ditforences oxist between the SMA
INS and the ARING S61-11 1IN0 for vemired input and outyjut data and in the
format for Jdiittal data.  The bol-ll-sr-cifiod form factor for thoe inertial
navigation unit {(INU) 15 1 ATk, «hile the 5M4 INS-specified size is oquiva-
lent to 374 ATk with =one 3 10 0 7 fromt rodection allowed bevond the
mounting base.  Digital iooar 0 el oatsats For i 82 THNS are reguired

to be compatible witn MIL-0T0-1 4, while disits] imats and outputs for

an ARINC 5G1-11 wanit are v b 00 e i AbINC 410, droue O, format.

The two formats are oot e b o , ool an oectiee anctertace unidtowould b
required for the ARING S61-11 INS i oa militars aireraft using MIL-STD-
1553, Positional accuracs 1s uot el n ARING B61-11, althouagh the

accuracy "... dovemed app rosriate foao e the Hosth Atlantic .. for
flights of tyipical durations ...” 10t ame as that specified for the
SMA INS for flights of over 1o hours duavat oo, The SMa iNS specification

references the comnlete military o 180t oty
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The CAROUSEL IV E INS used in the C-5 and in the C/NC-141 transport
aircraft is an ARINC 561-11 unit with the customer option for vertical
acceleration output exercised. For combat aircraft applications, where
the larger size of the 561-11 or its adherence to ARINC 419 digital format
instead of MIL-STD-1553 violate USAF requirements, an ARINC 561-11 INS
is not an adequate substitute for the SMA INS.

2.4.7.2 1Inertial Reference System (IRS) Complying with ARINC 704

Q ' The ARINC 704 inertial reference system differs from the ARINC 561-11
4 inertial navigation system in that no steering outputs nor any form of way-
point navigation is provided. The 702 IRS provides sensor information that
. can be used by another subsystem (ti.e ARINC 702 flight managcment computer
. system) to compute and output steering signals. Conscquently, the 704 IRS
) could be used only if another computer subsystem is available to provide
' waypolnt navigation and steering signals, or if waypoint navigation and
steering signals are not considered to be mission-essential.

A further difference between the 704 IRS and jprevious airline inertial
systems 1s that no analog inp' s are accepted and all outputs (including
pitch, bank, anale, and heading) are in digital form. Thus, an ARINC 704
system cannot rep:lace any INS or IRS that uses analog inputs or outjuts
for any function, without the aid of digital-to-analog and/or analog-tc-
digyital converters., This could make use of the 704 IRS difficult for
retrofit turposes, whercas it would be satisfactory for those new installa-
tions wiwre compatible digital interfaces can b o rovided.

2.4.8 Arrlicability of Commercial VOR/TLS Navigation Kecolver Systems

P~ An additional common functional cequipment for both commercial and
military £light ojeration, is the VHP/UHF instrument landing system.  The
commercial alvline requlrements have evolved through a succession of
Characteristics, such as the following:

tharacteristic Equijment Tyje
(unnumbered) VHIY Navigation and Communications
AKINC 519 Glid: Slopw: Recoelver
- ARINC 547 VHE NAV (LOC/VOR with integral lidco
sloyer receriver op tional)
ARINC 561 Glide Slope Receiver - Mk 2
ARINC »78-3 ILS (LOC/GS only)
ARINC 719 ILS (LOC/GS only)

Although used in ARINC 4904A confiqguration, the marker boacon recelver
had no ARINC Characteristic reference until 1t was included in the ARINC
711-VOR receliver regquirements.
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Becaus«e the ILS/VOKR market includes « large part of the general avia-
tion and cormuter activitics, commercial avionics suppliers offer many
combinations of VOR/LOC/GS and markey bhoacun re ving eguijment, many
of them following the ARINC «udd vack mowrting ind standardized intercon-
nections requirements,  ror thoe alrlino:, the rreforred configuration
includes localizer and glide slope functions in one roeceiver, and VOR and
mar koY beacon in a separate rocelwvor.

Ii. an independent develorment, ALC ssonsored a supg-licr to repackage
tify thils for Alr Force use as the

all four functicns 1y one unit and ¢
AN/ARN-127.

The AN/ARN=-127 has toooon jurchascd for retrofit inte F-4E/G and RF-4C
alrcraft and is intended by ATLC to become the USAF standard modernization
VOR/ILS until ILS 1is ruplocod by MLS and/or GPS 1o the 1:20s,

New transport aircrafi are peing purchasod Ly the Alr Force with com-
mercial VOB, localizer, lide sloro, and mark -y beacon cculrment already
installed (vi-137, C-141, -2, c=12, BE-3A, B-4, KU-14, and possible future
procurements) . For ailrcraft currently having no ILS/VOR and for those now
using obsolete militar, ooulyment, the ANAAKN-L127 15 tne modernization
equipment selectoed by th USAT

VIONICS IN USAF

2.5 COST-RENEFIT CONSIDLRRATION IN TH! rsrh on
ATRURAPT

We addressed the evaluation »f commercial avionios quantitatively and
gqualitatively. From batn @oints 2fF view we found that the cost-lenefit
decision has to be based urrounding each airceraft
program. A major factor is the oo of Gror Tt oand its mission. There

. Pl

ig a very persuasive aroumnont that e cnwvivoom ot of the cargo,/tanker/
transport and training-nission arrcraft closole raralicls that of commercial

the olyoums bange s

aircraft and conscquent!y cach greraft ocan e sorvedd o commercial avionics.
Procurements of “hoese alreratt apre often mads fros corgercial transport
designs and production facilyticn, o e oo 1t would arpear cost-
cffeoctive to rotaln fne commer cialit o dewvedored TTalt Lcravions avionices
suitc and add the necessary military commwites oo, tdntificstion, and

other mission avionics from SUR Goarcos,  Poy o otaor topas of airceraft,
constraints introduesd by ospacs v bad md - nvivonme nt mav provent
(or discourage) the wuse of commer 1ol oo In b situation, we
found no clecar cost advantoess to weind commercial comimentes. Table 2-0

lists the major qualitative teoo ot gt " ort T verabnae s ol using commer-
cral avionics.

20001 Relarive ond

The way in which commereial and s litars avionies (rices are stated
prevent direct compari oo, ermrseraial ocopiees e snpeted o asoa "net” and

" "

and sometimes also an o0 "liat" or "oolibia ™ e marked e 33 nereent.
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Table 2-6. QUALITATIVE ASPECTS OF USING COMMERCIAL AVIONICS IN USAF

AIRCRAFT
"Cost" Penalties Benefits
*» Performance Compromises * Reduced Investment
** Weapon delivery accuracy 1is *+ Development cost
not provided amortized
** Qperating range frequencies ** Selling price is listed
and altitudes optimized for for single unit buy

commercial needs . . .
** Quantity discount can be

* Design Flexibility negotiated
s+ pPerformance, size, cost s+ Minor ojtions and except-
trade-offs determined for tions can be negotiated
commercial use competitively
*+ Standard military interface * Availability

not provided es  "Off-the-Shelf" for small

*+ Any major change will com- quantity
promise investment and
availability benefits (but
may still be cost-effective) ** Reliability is known and

based on hich operating

time

*+ Design is mature

* Maintenance Considerations

** Parts may not be in standard s
. * Interchangeability
inventorv
e Multiple vendors (pro-

*» Maintenance data is not to L.
motes competition)

MIL-Standard
** Evolutionary product

*s» Built-In-Test is at LRU .
improvement

"GO/NO GO" level
e+ Continuing availability

. ho est uipment
shop te equipment not of replacement spare LRUs

standard

Major purchasers can negotiate discounts below '"net" and can also negotiate
specific support efforts and warranty conditions. In the competitive com-
mercial business environment these details are not disclosed publicly.

Cost data on military GFE avionics are ultimately published in the National
Stock List and can be derived also from published data on supply contract
price and quantities. Again, data on what the price includes in terms of
support, warranty, training, sparcs inventorv, etc., 1s not generally
available.

In spite of the above discrepancies, it is clear that there are no
inherent acquisition-cost benefits to be derived from the use of commercial
avionics equipment. Iunctionally cquivalent military and commercial

[ ]
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avionics units in gencral use rave similar prices (sece Table 2-7). When
the USAF has bought commercial avionics in quantity (such as the Carousel
IVE INS), the unit price was well below the published net price. Also,
when the military has bought repackaged commercial avionics (such as the
AN/ARN-127 and AN/ARN-123 ILS), the unit prices were well below the equiva-
lent commercial airlines equipment; and the AN/ARN-127 is offered commer-
cially at a net price 25 percent above the last USAF price known to us.
We conclude that for quantity buys to a maturce design requirement, the
military can obtain commercial avionics, modified/repackaged commercial
avionics, or custom-designed military avionics at unit costs that are
comparable to airlines costs. When the quantities arce small, selection
of a commercial design puts a ceiling (the nut price) on the acquisition
cost and avoids the design, development, test, and data cost that would
accompany a specialized military procurement.

2.5.2 Acquisition Lead Time

Alchough commercial avionics suppliers do not normally carry a large
inventory of airlines avionics units, they respond to perceived market
opportunities by supplying units for evaluation, testing, and prototviping.
Also, they will adjust production to meet any orderly build up of demand.
The uncertainties and delays typical of GFE development and pre-production
programs arc essentially absent in this context.

2.5.3 Interchangeability

If commercial airlines (ARINC) avionics are specified carly in an
aircraft design or modernization program, design details to accommodate
them can be finalized, yet competitive procurement can proceed without
compromising the aircraft's interface details. Prototype aircraft can be
outfitted off the shelf independently of the production procurement, and
second-sourcing and split-buy techniques can be routinely oxercised.

2.5.4 Performance

The performance of commercial avionics is attuncd to ensuring that
the airlines comply with U.S. and international airs)ace rules and the
rules pertaining to operating in the Alr Traffic Control cnvironment. Many
military avionics systems have no more arduous reguiremeonts to satisfy and
thus are candidates for using commercial airlines avionics. However, when
significant extensions in performance are nceded, cost and technical con-
siderations may jreclude their usc.

2.5.5 Keliability

Commercial airlines avionics muast bave bigh voliabilitye.  Opcerating
for up to 18 hours per day, aircraft accumulate flight hours very rapidly.
Delayed departures duc to unscheduled maintonance are very costly, so
avionics MTBFs greater than 2000 hours are ossential -- 10,000 hours are
desicable.  There is no roason to upposc that comnersial avionics would
not experience the same reliability o USAY orovaft undery cguivalent

environmental conditions.
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| Table 2-7. COMPARISON OF COSTS OF MILITARY AND COMMERCIAL AVIONICS
i iz Ai ine L cq s
! TYPGAOf Comm?rc1?l irline Military Type Military Cost
Avionics Specifications Cost
. HF Radio ARINC 533a $15,000 618T(-)B $15,000
. No Equivalent - ARC-112 $23,u00
Y . No Equivalent - AKC-123 $17,000
: ARINC 559A $13,770 No Eguivalent -
r Radar Altimeter | ARINC 552 $10,000 LARA $9,118 (planned (-
s ARINC 552A budgctary)
-
1 INS ARINC 561-11 $100,000 C-1IV-E $54,000
- (C-1V-E) SKN-2400 $75,000 -
- VOR/ILS ARINC 547 54,400 ARN-127 $2,800 ($3,500 to -
3 ' individual buyers)
v -
&
2.5.6 Design Flexibility
0 -
The commercial airlines have established a common avionics architec-
; tural standard. A military requirement to interface a commercial standard "
! unit (or group of units) with a different architectural standard cngenders
a need to determine an ecffective interfacing mechanism and sccure the
resources to implement it. -
2.5.7 Maintenance Considcrations [
. There appears to be no reason to expect any difference between the cost
A of supporting commercial airlines avionics and the cost of supporting -
military avionics. (Cost could escalate, howcver, if the commercial equip- i

ment is treated as "new GFE" and MIL-STD documentation is demanded.) Com-
mercial avionics maintenance data (in compliance with ATA 100 Specification)
is complete and adequate. Service bulletins maintain currency and provide
gquick reaction to observed problems. The manufacturer's field scrvice
support and training are normally available on an as-neceded basis, by formal
contract, or under warranty terms. Automatic test cquipment is generally -
available on a unit-by-unit basis (PSE), although some “"universal™ auto- l
matic test equipment is available for individual avionics manufacturers' ’
products.

-

ey

2.5.8 Cost-Benefit Decisions

Individual decisions concerning the use of existing and future com- i
mercial airlines avionics in USAF aircraft will nced to be made., Figure [N
2-3 illustrates such a decision jrocess. If avatlable GFE avionics match
the requirement, a clear-cut decision to use it would be made, unless .
there was specific direction to ovaluat. commercial alternatives or the i
aircraft was alrcady configqured for —ommorcial avionics flight systems,

If suitable GFE avionics are not ava:lai o, cormercial cquipment, and

r——

| [
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feasible modifications if required, should be investigated. Where there
o is clearly no suitable commercial equipment available either, a program
will be needed to develop new GFE. This may be "all new", a modified
existing military equipment, or a repackaged commercial equipment. In
many cases, the situation will not be clear-cut, and a comparison of cost,
reliability, performance, acquisition integration, and support cost (life-

. . cycle cost) will have to be made between the available alternatives.
' !
L 2.6 SUMMARY AND CONCLUSIONS 5
}J ; Commercial airlines flight-essential avionics are designed, manufac- '
SR tured, tested, and certified to a well defined and documented set of
P, standards, which correlate qualitatively, and sometimes quantitatively,

.- with equivalent military specifications and standards.

Where military and civil functional needs run parallel, restraints
on the military use of commercial standard avionics are of three kinds:
Physical and Performance Shortcomings - which must be recognized
* Integration and Interface Difficultics - which can be overcome
* Procurement Procedures, Documentation, and Data - which can be

changed or waived

2.6.1 Functional and Performance Applicability of Specific Commercial
Avionics

. The general performance capabilities of certain commercial airlines
s > . 1
~ avionics are presented in Table 2-8.

2.6.2 Applicability of Commercial Sfdndggg_Avionics to Specific
Aircraft

ry————

Table 2-9 summarizes our findings concorninag the applicability of
existing commercial airlines avionics to specific aircraft of current
intcrest to ASD. The avionics units listed arc all ARINC-500 series;

the corrc.ponding ARINC-7N0 series avionics would have similar applica- (
o bility, subject to evaluation of the need to transition to an all digital
- data transfer system and/or provide intecrface compatibility between the

! ARINC-700 units and the MIL-STD-1553 digital data bus.

2.6.3 Conclusions and Recommendation:s

Commcrcial airlines avionics, eXisting and futurce, have valid applica-
bility to USAF aircraft. Procedural restraints and maintenance concepts
should be restructured to encourage usc of commercial avionics where this
course is technically and economically valid. Appropriate revisions should
be made to MIL-Standard dircctives. Standardized approaches to solving
typical integration difficulties should be developed. Volumetric and
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Table 2-8. CAPABILITIES O} CLETAIN COMMERCIAL AVIONICS

Avionics Description

Per formance Capabilities

Radio - Altimeters
ARINC 522A
ARINC 707

HF Radio
ARINC 559
ARINC 719

Weather Radar
ARINC 564
ARINC 708

Flight Data

Recorders

ARINC 573

Ground Proximity
Warning System

ARINC 594
ARINC 723

Air bata Computer
ARINC 575-3
ARINC 576
ARINC 706

Inertial Navigation

Systems
ARINC 561-11
ARINC 704

Instrument Landing

System
ARINC 578-3
ARINC 71

All aprlications for instrument and auto-
coupled flight close to the ground (0 to 2,500
feet; uxtindable to 5,000 feet by optional
changes) .

All applications, vrovided that an acceptable
form factor can accommodate the optional
features corres:onding to Collins adajptation
of the ARINCG %334 HF radio to their 618T
configuration four the USAF,

All apmrlications whore high resolution mapping
is not also reqguirved from the same rad-r.

Veilce receorder channcl not provided; data
acquisition (i.¢., siunal conditioning) unit
interface is to ARINC 420 DITS and specific
ARINC Charact-rized Alr Data Units.

All applications neoding passenger certifica-
tion and/cor Catogory II1I instrument landing
capabilit.

Transport aircraft ays Lications or similar
aircrafe noodinag =orhisticatcd instrument
display and auto-ii1lot courling facilities,
Sprectalized features such as BAS auto-iailot
gain adijucstments are npot included.

All applications.

All apiplication:s, but marker boacon receiver
15 not i luddo .
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environmental criteria should be established to give general guidance
concerning the non-applicability to high-performance, space-~premium
aircraft. Ultimately, each aircraft program decision should be the result
of an individual trade-off evaluation of its common avionics needs and

interfaces.
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CHAPTER THREE

SUPPORTING STUDIES

As part of the cost/benefit analyses of Task 2, we were asked to per-
form two special supporting studies: (1) an industry survey to solicit
opinions and daca on the merits of an avionicg PME standard and (2) a
review of "new" cooling technologies, to assess the potential effects of
such technologies on future PME standardization. This chapter reports
the results of this work.

3.1 INDUSTRY SURVEY

In addition to collecting information from "in-house" sources, from
ASD/EN study inputs, and from current and past technology reports and brief-
ings, we sent a questionnaire to industrial firms that have substantial
background in both commercial and military avionics manufacturing or in
military and commercial aircraft manufacturing involving substantial avi-
onics integration. Every effort was made to ensure that this enquiry was
addressed to a responsive individual (or group) by preliminary telcvhone
conversations. Contacts established in connection with ARINC Research's
Low Altitude Radar Altimeter (LARA) spccification development were also
used. Where appropriate, promising responses were followed up with in-
plant meetings to supplement the written replies. ASD/XRE and ENA personnel
also participated in these meetings.

The questionnaire took the form of a letter requesting narrative opin-
ion on the relevant standardization issucs raised and a form desianed to
elicit simple, clear-cut answers to spccific questions (sce Figure 3-1).
Twenty-five firms were solicited; of thesc¢, seven responded. The respon-

dents included two major military aircraft manufacturers -- Boeing and
General Dynamics -- and five major clectronics firms -- Bendix, Emerson,
Rockwell International (Collins), Singer, and sierry. The results ;resented
in tabular form in Table 3-1 show that the majority of respondents cxpressed

a positive attitude toward a;plying packaging, mounting, cooling, and power
standards to both new and old aircraft, and for both common and core avionics.
One company, Emerson, ~xpressed a minority viewpoint that favored only stan-
dardization for electric power sources. The full replies are reproduced

in Appendix E.

U
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3
: { When sufficient replies to our mailed survey questionnaire were avail- {
y able, follow-up visits were arranged to get personal reactions from industry
T people to the cencept of USAF PME standardization and their opinions on the
following subjects:
3 s Vviability of ARINC 600 concepts
s 2, -
t * Benefits, quantitative and/or gualitative [
o f
1 ; * Impacts of standard racking and connectors
i, L * Degrees of applicability across aircraft types and equipment groups {7
: |
:
. ASD/XRE and ENA personnel took part in these visits.
oo
F; ) Visits were made to General Dynamics Fort Worth Division (F-16),
b‘ Rockwell International (Collins Radio) at Cedar Rapids, and Bendix Avionics
2 } Division, Fort Lauderdale. A visit to Boecing Aerospace Company was initi-
x ated, but, after full discussions by telephone, it was concluded by all j
. concerned that all points had been thoroughly covered and a trip was not
3 warranted.
r ‘ 3.1.1 Visit to General Dynamics, Fort Worth Division ;
. s
! { General Dynamics, Fort Worth Division, has expericnce on the F-111 i
program and is currently working on the r-16 multi-national j.rogram. We ;
3 examined the two full-scale fuselage scctions (F-16A and F-16B) that arc .
used as metal mock-ups for verifying installation of avionics hardware.
Avionics equipment locations were pointed out and the environmental con-
trol system was explained. Subseqguent discussions brought out the follow-
ing viewpoints:
b .
* ARINC 600 form factors would be difficult to a;:lv to the F-16 or
to fiaghter aircraft in general, because the uniform height and ¢
! length of ARINC units makes fitting into irrecularly shaped spaces
difficult. For example, 1n the F-16, toxes of different heights N
are arranged to occupy curved or =leriny bay contours. I1f a uni-
form height is to be sclected, Goreral ronarilos would rocommend
5 inches as more apjpropriate for a "o <tandard.
* The F-11l1 and the F-16 aircraft ol -l air torouah a mani-
fold on the aircraft's centorline o0t oy f tie avionlos boxes
o with free exhaust from the front of .o Pooe . oo g installed :
‘ and removed from cach equiprent ba tir o oo wat ]l glreraft skin i
tanels, as in most fightors.
* F-16 vibration is only cimifiant o 0t e Ioond
near the qgqun muzzle. Fauiyment pounted closo 0 the gun (cLa., ’
within one foot of the muzzle) 1s installed on shock mounts.  These )
are effcctive because the gunfire vibration is confined to the nar-
row frequency band of 90-100 Hz and hicher harmonics.  Common shock-

isolated equipment shelving is not practical becausce individual
qualification-test complications would occur.

-4
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{ * The F-16's environmental control system is a compact arrangement
of heat exchanger, expansion turbinc, and water separator. The
General Dynamics personnel were not aware of any overall efficiency
trade-offs on cooling methods and their impact on aircraft weight
and engine performance.

L 3.1.2 Visit to Rockwell International (Collins Radio)

The Collins englneers have experience in military and commercial avi-
onics products. The TACAN AN/ARN-118 receiver was of particular interest.
This has become a USAF standard ~- 10,00C have been produced so far. The
TACAN production line was visited, and AN/ARC-186 VHF AM/FM communications
’ receiver assembly operations were secn. Subsequent discussion brought out
the following viewpoints:

G hva e A

* Military standardization of avionics PME would be highly beneficial |
to all concerned. While one manufacturer might losc a favorable
sole-source position in one procurement, it would have the oppor-
tunity to compete for the many other military reprocurements that p
would be opened up to it under an F’ standardization yolicy. The
USAF would also benefit from the routincly uipgraded avionics desian
and manufacturing improvements, which otherwise could only be intro-

' duced after lengthy ECP procedures for the corn entionallv managed
military programs.

* More than one standard (or subsets of the standard) may be ncecessary
to encompass the needs of all ailrcraft classes.

* Space-premium aircraft may recuire moduices that have less height

than ARINC 600 permits. If these are rroduced, trade-off studies E

' would bhe nceded to sce whether theyv should be used on all USAF '
aircraft classes.

* Collins engincers felt strongly that "MIL" vibratlion test require-
ments generally exceeded by a sianificant (and costly) margin the
actual levels measured on cguirment in the aircraft. The "MILY
vibration levels applied by jpowerfual, rigidly coupled teost equip - !
ment are much more destructive than the vibration transmitted by
any typ ical atrcraft structure, jarticularly at the higher test

frequencies.

* Functional standardization of units should accomiany MY standard-
- ization for the greatest cost bencfits.

*  Lowering the design operatina temperature docs not usually enabloe
acquisition cost to be reduced significantly, but 1t doces reduce
failure ratces considerab.ly.

*  The quarantecd MTBE clause in the AN/ARN-118 § roduction contract
gave a strong incentive for good desion, with the result that auar-
anteod MTRY is bving met or «xeooded. However, the MTEE guarantoeco
gqives little ojrortunity for corroctive action to be taken by Collins

1f this were not the canse. S tran=—ear roeliabrlity amprove ment

warranty (RlWw) bl e oo ortant b Yor coaraduct imnarovernent, with

mutual bencofit to the buyer ared the weller.
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* F” specification procedures, as employed by the commercial airlines,

add further incentive for supplier support in the event of jcrform-
ance or reliability problems throughout the life of the cauipment,
because of the ability of the buyer to switch to a competing vendor
for any future procurement,

* Prices of commercially supplied avionics include the overhead
needed to cover vendor support (i.e., local representatives, ficld
support, etc.). The same equipment, sold to a military buyer
intending to use organic maintenance, might appear to cost less
until the cost of MIL Standard documentation, initial sparcs, and
training are added. These are usually treated as scparate cost
items by the government.

3.1.3 /isit to Bendix Avionics Division, Fort Lauderdale

The Bendix Avionics Division initially produced equipment only for
the civil marketplace, including both general aviation and the airlines.
They now produce for military customers as well, and have a mandate to
develop new avionics for which they can demonstrate a competitive return
on investment.

The AN/ARN-127 (Air Force) and AN/ARN-123 (Army) instrument landing
system (ILS) receivers were of particular interost, having been developed
from Bendix commercial standard circuitry and repackaged to meet the serv-
ice requirements for an ILS5/VOR/Marker-#cacon receiver in one compact box.
Bendix Avionics production assembly and test arcas were visited; the
AN/ARN~127 temperature/vibration burn-in tosting was observed in procress.
all electronics products are subject<i to. maximum temperature "burn in"
during their test cycle, mostly in @im le insulating enclosures (called
"rabbit hoxes") vented so ag to staiilize at 70°0 ambiont temperature.

The new ARINC 708 weather radar vas ceen on final test; we noted the
carefully designed interna. ducting that distributed cooling air from the
bottom entry port to the critical power soctions of the transmitter/
modulator. Subsequent discussions brought out the following vicwpoints:

*  The MTBF penalty imposed on the ANJARN-127 roduction was a highly
effective incentive to good design and gquality control. The pro-
gram could not afford to carry any continulng j«nalty costs.

* Excessive batch-sample testing Is costly to the government in terms
of test time and production cquipment diversion from delivery.
AN/ARN-127 batch-test <uantities appcarcd to be oxcessive; AN/ARN-
123 batch-test quantities weresjprobal:ly insufficient,

* “Burn-in beforce final test” was a practical roguirement, but some
flexibility in the burn~in period so as to fit in with factory shift
organization is a ot savoer.

*  Bendix experience was that MIL-reliable comonents were not demon=-

strably more roliable thar e corresondineg comereial veraion,
Bometimes less so, 1f production cuantities were small.  In either

[
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{ case, Bendix cannot afford to let defective/unreliable parts get to
the assembly area duc to the cost of reworking defective assemblies,
Parts are in-plant inspected and tested by the vendor; the Bendix
receiving inspection and test is a second "filter” and a continuing
check on the vendor's test coffectiveness.

* Blow-thrcugh cooling air presents less of a contamination problem
. than humidity testing. Protection from both is necued and is pro-
. vided by suitable coatings. Blow-through cooling is by far the
cheapest way to cool avionics.

3.1.4 Telephone Conference with Bocing Acrospace

: We conversed by phone with tiee princiial contribumtor to Boeing's reply
. to the questionnaire, discussing at lenath the rationale for Boeing's answors
- . and the availability of additional information. Tho conscnsus was that we
f ' had covered the areas of j;rofitable discussion, and that, although we would
T be wolcome, there was no justification for a visit to scattle.
v @
: Boeing's major joints were us follows:
#
] * At least threce levels of standardization will be necessary:
! ** Essentially unmodificd commercial standard for commercial-likce
* eguipment in ylanes like E-3, F-4, KC-10, and similar future
. aircraft.
=

e+ Standards for difficult aircraft, like fichters with limited
space or AWACs-tvie alreraft with larac heat dissipation reculre-
ments. These standard:s will have to differ sianificantly from

‘ ARINC 600 and may recuire :rovizions for liguid or other exotic 2
-~ cooling.
= ** Alrcraft betweon the o v vt romes probably can jrofit from
v an intermediate standard,  Working to suchi a standard would be
better than troing to trot L cither of the other two to fit.
* For aircraft with substantic! coriemonts of mission crpuiiment, it
now appears advantageous b ot low—rower-dnsity "loaic card”
K circuits (with nminlmal cooline: yenilye eats) trom higher power
; componants or circuits roopgiirin: ccnotatial cooline, “logice card"
* assemblies protably would b Yo b o rate cooling and packaaing
) . standards.
K
*  Boeing current Iyodas USal o crntroacts to investiogate advanced
! cooling concepts bt 1 e than o oar oeeay fromoa final report.

3.2 SURVEY OF COOLINCG TRECHNOLOGGTELS
3.2.1  Backyround

This scection addresses the taok Tiated 1 300010 of the statement of !

Work. Tt provides a combonite covalaat ion of cooline tochnoloaics, separatd

PR URT I PR SRR




or dedicated environmental control systems, and the cooling of instruments
and electronic components mounted or or behind the various cockpit panels.
It was not considered technically beneficial to segrcgate such interdepen-
dent ..nd interrelated items for individual treatment.

3.2.2 Review of Existing Avionics Cooling

With only the most minor exceptions, the thermal cnvironment in today's
aircraft induces high thermal stresses in avionics equipment. In some air-
craft the avionics may enjoy a favorable environment during normal flight
and then be subjected to high thermal stress during ground operations. 1In
some aircraft only a portion of the avionics is adequately cooled in flight.
"hese conditions may be regarded as typical throughout the USAF inventory
and exemplify the lack of any serious standards for cooling avionics.

Severe differences in the cooling environment cannot be associated
with any particular class of aircraft or with any particular type of cool-
ing. Even in aircraft equipped with high-capacity vajor-phase cooling
systems, some of the installed avionics eithcer have beon denied access to
the cooling alr by their location in the aircraft, or the cool air distri-
bution system has failed to deliver sufficient air flow to the individual
boxes. The same conditions have been verified in aircraft using convec-
tion cooling (with or without blowers); it is typical for some locations
to receive no cooling whatsoever. It may be assumed that some of the avi-
onics in each aircraft type will be the victims of inadequate cooling
arrangements during flight or ground oyp.cration.

3.2.3 Current Approaches to Improved Cooling and Reliability

As used in this report, the term "current approaches" represents the
accumulated efforts made by military and civil uscrs of modern avionics to
initiate improvements in avionics cooling systems.

Cne of the earlier advancements was contained in ARINC Specification
404, published in 1956, which cited the avionics cooling deficiencies expe-
rienced since World War IT. It prescribed specified openings in the equip=-
ment case and the "404 racks” for cooling air to reduce cquipment operating

temperatures. This concept assumed installation of the avionics in the
cooled cabin arca of the aircraft, with o vacuum duct below the eguipment

to draw the cocler cabin air through the avionles box. Specification 404
was successful where it was applivd -- 1at it was not universally applied.
As they entered the transport fleet, some new aircraft toe: did not incor-
porate the 404 cooling provisions and cxporioneed serious heat yproblems

in and around somc RF transmitter units,  This situat ion continued until
remedial measures were aqgreced to throuah tle Alrline: Floctronic Engineering

Committee (AEEC) actions.

Today's pancl-mounted instrument: contain higher density olectronics
and generate more heat i the older mechanical instruments. With the
more recent introduction of cathode ray tubes (CKTs) into the instrument
panel, the resurgence of the heat problem can no longer be ignored.  Tn
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1976, ARINC Specification 408A (pertaining to air transport indicator cases
and mountings) prescribed methods for calculating the cooling requirements
of panel-mounted instruments and recommended the circulation of cooling air
to remove the heat.

Reliability degradation due to overheating avionics was a primary
reason for the AFEC's developing and publishing ARINC Specification 600
in 1977 and 600-1 in 1978. The ARINC 600 Specification represents an up-
dated approached to avionics interfaces and specifies more completely the
use of forced-air cooling in the avionics equipment racks. A companion
document, ARINC Specification 601 (still in the process of final ccordina-
tion), will prescribe similar cooling arrangements for the "control/display
interfaces" -- i.e., the CRTs and other instruments mounted in the cockpit
on the instrument panel, the pedestal, or the shelves and overhead panels.
The specification also will contain guidelines for the amount of allowable
heat dissipation per cubic inch, The application of these innovations to
new aircraft entering the inventory should provide a much improved environ-
ment for cockpit controls and display devices. The Boeing 767 now in pro-
duction will have some degree of compliance; the A300 Airbus (now being
configured for several U.S. air carriers) probably will conform to the ARINC
600 specification with pressurized and filtcred air for all avionics, in-
cluding the cockpit devices.

The AEEC is currently working on Characteristic 728, which covers the
provision of refrigerated air for the avionics during ground operation.
This is due to be approved and published during 1980. In the meantime,
United Airlines has equipped two DC-10 aircraft with a refrigeration sys-
tem featuring filterced air for the avionics. This system is being evalu-
ated primarily for ground ojeration, but it may well be prescribed for in-
flight operation also.

3.2.4 Avionics Cooling Technology of the Future

Almost all current apprecaches to avionics cooling have invelved direct
heat transfer to the surrounding air or to an air stream circulating

through the equipment. This form of heat transfer deponds on o high-density
atmosphere that is cap:able of absorbing large quantitics of heat. In those
cases where the avionics are installed in the pressurized and environmen-
tally controlled cabin arcas, the air transfer can be adequate.  To achicve
proper cooling, the airframe and avionics specialists must recoanize the
many approaches to heat transfer that are available and abandon the routine
concept of air circulation as the only solution.

3.2.5% Instruments and Cockpit Display Dovices

The cooling of clectronic instruments installed in the cocki it remains
a weak link in avionics cooling. The problem has bhoeon recognized and an
AEEC subcommittee on Instrument Cooling and Mounting (ICM) was formed in
1974, but agreed solutions have heen slow in coming.




The instruments themselves were not designed for efficient heat trans-
fer, and the instrument cases do not provide sufficient surface area for
adequate cooling, even at ambient room temperatures. In the confined spaces
behind the instrument panel, with the instruments clustered as closely as
they can be fitted together, overheating results. To achieve a degree of
short-term relief, some of the airlines have initiated a project to provide
cooling air behind the panel by means of small pipes or ducts routed between
the instrument clusters.
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3.2.6 Military Avionics Unique Features

In military aircraft, some features are truly unique, and they must
be considered in preparing for the proper cooling of future installations.
For instance, in small high-performance aircraft, only the cockpit is -
pressurized and temperature conditioned. Relatively few of the avionics
(beyond the controls and displays) can be fitted into the cockpit, but the
cockpit exhaust air is used for cooling equipment in adjacent parts of
the aircraft.

The supersonic military fleet presents a special set of environmental
conditions in terms of both temperature and altitude. During supersonic
flight, the skin of the aircraft may rcach temperatures of several hundred
degrees at flight altitudes above 70,000 feet, where the air is unable to
absorb large quantities of heat. The most readily available heat sink
under such conditions is the aircraft fuecl system. Since the fuel must
be warmed to assure proper metering prior to injoction into the engines,
the use of the fuel as a heat sink bocomes mutually beneficial to both
systems. Heat transfer devices can be introduced eilther into the fuel
tanks or into the fuel lines feeding the engines.

Another source of possible avionics cooling is the liquid oxygen sys-
tem. By necessity, the liquid oxygen must absorb a tremendous amount of
heat to boil off the gaseous oxvygen reguired for the life-support system.
Through proper design, the excess hcat from the avionics could be trans-
ferred to the liquid oxygen heat exchanger.

3.2.7 Coordinated Design Approach (Internal/External Considerations)

Avionics cooling must be ajpproached as a total problem, inside and
outside the box, from the point of heat generation within a single elec-
tronic componeni to the final transfer of that heat energy to some dissi-
pative medium outside the avionics areca, and perhaps outside the aircraft.
Any approach that does not include this end-to-end treatment of the heat-

removal problem should be regardcd as incomplete.  The progressive transfer
of heat from the component where the hcat is gencrated to some point cut-
side the avionics bex or assembly may include sceveral steps with cach step
representing an identifiable heat transfor opceration. 'sing a single com-
penent as the starting point, the heat may be conductively transferred to
the ground planc of a printed circuit hoard, ~onductively transferred to

a heat pipe located internally within Yhe box, ana conductively transfcrrea




from the heat pipe to the outer wail of the unit. From the outer wall it
may be conducted to a finned area for direct dissipation -- or perhaps to
another heat exchanger, with air, liquid, or vapor used as the transfer
medium. This totally integrated approach, inside and outside the avionics
box, appears to be the key to providing improved cooling to the electronic
components, which is the most important factor in achieving more favorable
operating temperatures and the greater reliability needed by both the mili-
tary and civil users of complex avionics. The following review of the
individual heat transfer techniques may be uscful.

3.2.7.1 Convection Cooling Technology

Two types of convection cooling are of interest here: (1) frece con-
vection, where the air motion results only from the convection currents
formed by the hot air rising from the heat source and (2) forced convection,
where the air mcotion is primarily controlled by a fan or blower.

The primary problem associated with either tyje of convection cooling
is the reduced air density that occurs with increasing altitude, causing
the atmosphere to become a less efficient heat transfer medium by factors
of 3 at 30,000 feet, 6 at 50,000 fect, and 12 at 70,000 fecet. A commercial
airliner's cabin and avionics bay is held to a jressure altitude of 5,000
to 8,000 feet, providing a heat-transfer capacity that is still approximately
80 percent of its sca-level valuc. Convection cooling is, thorefore,
appropriate to commercial transport aircraft and, by analogy, to military
transports also.

In the high-performance military aircraft cnvironment, the circulation
of cooling air through an avionics asscembly does not ropresent the best
approach to system cooling. Even under ideal conditions, the cooling air
will contain some degree of contamination, and, over a peried of time, the
contaminants will become lodged or dejposited on the circuit components.

This condition will reduce the effectiveness of the cooling system and may
also produce a malfunction or a failure. If the weapon system rhould be
exposed to radioactive particles suspended in the atmosphere, the direct
ingestion of thesec particles into the avionics circuitry could induce a wide
varicty of malfunctions and failurcs. The best assurance of internal clean-
liness and adequate cooling for all c¢lectronic components is achieved through
designs that provide conductive cooling throuaghout the electronic asscembly

and intecrnal heat transfer to the walls of the enclosurce. This ayiproach
requires no holes or ventilation jports in the clectronics enclosure. With
all of the internal huat transferred to the walls, a varicty of available
heat-exchange techniques may be emploved to cool the hox.

3.2.7.2 Conductive Cooling Technology

Conductive cooling of clectronic components and assemblics encompasses

many techniques. To be cffective, conductive coolina philosophy must be
applied concurrently with circuit design, circuit layout, componcnt sclec-
tion, manufacturing methods, and svstem packagina.

.




If the metallic surface of a printed circuit board is to be used as
a conductive heat-transfer device, the layout of the board is critical to
its thermal transfer efficiency.

Use of a thermal shunt or a conductive cold plate is an effective
technique. Usually it is a copper or aluminum part that provides an effi-
cient heat-transfer path, cooling the heat sources while also leveling the
heat distribution through the electronic assembly. A good alternative is
to cover the entire printed circuit board with a thermally conductive
(dielectric) material. Typically, thesc new materials consist of silicone
rubber heavily filled with aluminum oxide or beryllium oxide. They cure at
room temperature, thus applying no thermal stresses to the electronic com-
ponents. For replacement of failed parts, the rubber material can be cut
away and subsequently refilled without disturbing the remainder of the
board. This technique provides a good heat transfer path in all directions
across the circuit board and achieves an effective integral thermal mass.

A castable epoxy compound with high thermal conductivity, which cures
into a hard mass, is used primarily for potting large heat-producing com-
ponents rather than for coating circuit boards.

A heat pipe is a thermal shunt that includes technology for improving
thermal transfer efficiency, such as a liquid-to-vapor-to-liquid evaporation/
condensation cycle within its internal structure. This device mast be
designed, configured, and fabricated for each specific application. Heat
pipes arc certain to play an increasingly important role in the future.

Improvements have also been made in the gquality and thermal conduc-
tivity of the silicone greases uscd for the thermal interfacing of flat
surfaces. The best materials do not drip or run at any elevated operating
temperatures and do not dry out or deteriorate during prolonged ex poxure
to a heated environment.

Components also found to be useful arc thermally cenductive card guides
that will ensure efficient heat transfer from printed circuit boards to the
sides of an enclosure, and gaskets made of thermally conductive materials
that can be fitted to bridge gaps between poorly mating surfaces. The
proper materials, properly applied, with intelligent lavout and parts posi-
tioning will ensure efficient heat transfer. New-gencration avionics devel-
opment should utilize the best techniques and the best materials available
for the efficient cooling of the cquiyment.

3.2.7.3 Thermo-Electric Cooling

Thermo-electric cooling devices exploit the Peltier effcect to remove
heat from a thermo-electric junction that is in thermal contact with the
device to be cooled. The passage of a (relatively large) electric current
through this junction causes a corresponding Peltier heat to be developed
simultaneocusly at another junction necded to complete the electric circuit.
The device is, in cffect, a heat pumj.. Thermo-electric devices are avail-
able (off the shelf) from approximately 1/2 watt to approximately 500 watts
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of dissipation capacity. They have no moving parts, they are not fragile,
and their life expectancy should be in cxcess of 100,000 hours if properly
installed and properly controlled. However, the efficiency of such devices
‘ is inherently low, and the cost has remained high. From a practical point
of view, thermo-electric cooling appears best suited to small heat sources,
and, even then, it should be limited to some intermediate function in a
complete heat-transfer chain.

o So

3.2.8 Opportunities for Standardization

! 3.2.8.1 standard LRU Conductive Cooling Interfaces

If good thermal design can ensure that an avionics unit is effectively
. a uniform thermal mass, then the cooling interface can be any sufficiently
large area on any of its surfaces. With good thermal contact to this arca,
; the outward heat flow can be continued by conduction into the next segment
: of its overall path. There are many options for this segment: in cases
where the avionics box is generating a large amount of heat, an oxternal
heat exchanger can be provided. Typically, the heat cxchanger would be a
double-walled structure, one wall of which could be one or more surfaces
of the avionics box. The heat exchanger may contain a flow of cooled air,
or it may contain a circulating liquid. If the surface of the avionics
enclosure is not one of the heat exchanger walls, the flat surface of the
heat exchanger would interface with the flat surface of the avionics box
to provide close contact. A good guality, thermally conductive silicone
grease can be used to eliminate any voids between the two surfaces. In
cases where less heat is being dissipated, the heat exchanger may be a
finned structure, itself cooled by convection.

. . In all of the cases discussed above, the avionics box can be the same
identical assembly (therefore lending itself to complete standardization),
while the variables arc a part of the aircraft interface and normally
remain fixed to the aircraft. This approach permits avionics standardiza-

‘ tion, while accommodating several variations of air cooling, convection
cooling, liquid cooling, heat pipes, or thermo~e¢lcctric cooling.

Potential candidates for this tvy«: of intcrchangeable heat exchanger
configuration arc the new console-mounted communications transceivers (AN/
ARC~164, AN/ARC-186). These units also have optional rack mounting config-
urations. To fit within the standard console rail, these transceivers arc
built up from a series of sandwich sections, five inches square (nominal).

' Each section has conductive heat transfer out to its periphery. 1In current
installations, this periphery is cooled by convection -- by air blown over
the case -~ but the confiquration is readily adaj-tablce to a conduction-
cooled interface if this were to be provided in the aircraft. This inter-
face could be in the form of an instrument bay rack mounting, an actively
cooled console mounting, or an actively cooled main instrument pancl mount-

: ing for a five-inch-squarec display instrument. Other standaridzed unit

sizes could follow the same concept.




3.2.8.2 Cooling Standardization for the High-Performance Aircraft

An effective avionics PME standard must address the problem of the
high-performance aircraft. It can do so by developing a practical defini-
tion of a mutually acceptable thermal interface. 1In this way, the avionics
designer is tasked with delivering no more than X watts per unit area when
the heat-transfer interface is at Y degrces of temperature, and the aircraft
environmental system designer is tasked with maintaining the heat transfer
interface at no more than Y' degrees of temperature while it is emitting
no less than X' watts per unit area. The differences (X'-X) and (Y-Y')
represent operating margins and testing tolerances. The form and fit
definitions for the avionics/aircraft interface must then provide suffi-
cient interface area for the nccessary power dissipation for each unit,
and good thermal contact to both sides of the interface. MIL-HDBK-251,
and research and investigation into the relationships between the relia-
bility and the operating temperaturc of avionics components provide the
basis for a logical determination of the interface parameters and support-
ing trade-off analysecs.

3.3 U.S. NAVY PME PROGRAM

As a part of our review of the state of the art in PME interface con-
cepts, we reviewed the U.S. Navy Modular Avionics Packaging (MAP) Program.
This program is an integrated effort to satisfy, requirements of future
avionics systems from the component/device level through the interface of
the avionics with the aircraft and its integral systems. The intent is to
evaluate alternative concepts and develop standard mechanical, clectrical,
and thermal interfaces for modules, integrated racks, and other avionics
enclosures. The program began in FY 1977 and is scheduled for flight test-
ing of dewveloped hardware in Fy 1982. The Standard Avionic Modulce (SAM)
conceprt 1s an inteqgral part oif the MAP Program.

Current planning has selected the Improved Standird Electronic Module
(ISEM) 2A as a primary candidate. The size of this module is 1.68"H X
5.74"W * 0.29"D (0.4" permitted where required) . Racking is to be 36"H X
28"W having multijple subsystems implemented by the ISEM 2A packages. Direct
alr-impingement cooling of the ISEM 2A modules will be used with 85°C junc-
tion temperature and 20 watts per module as a goal. Zoro Inscrtion Force
(ZIF) and Low Insertion Force (LIF) connectors have been investigated, with
the LIF connector currently considered morce advantageous becausce of the
excessive contact resistance and lack of cleaning action in the ZIF con-
nectors. Data interfaces will be by high-specd (10 MR/S to 200 MB/S) multi-
plex busses. The principal problem exicrienced to date is in achieving the
desired 50 percent weight and volume reduction while using standard modules
and racking.

Our revicew of the MAP program indicates that, cven though the objectives
are similar to those of the USAF and civil PME standardization programs, the
methods selected for implementing the concept are neot compatible cither with
USAF architectural concoepts or with ARINC 606, The major cause for incom-
patibility is the importance given to the TCEM rograrm and the use of the
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ISEM 2A module as the building block of the Navy program. ARINC 600 re-
quirements standardize at the avionics subsystem level, with the smallest
module (or increment between successive sizes of modules) sufficient to
house 30 or more ISEM 2A modules. The MAP approach sclected by the Navy

is targeted to minimize the unique logistic and maintcnance problems asso-
ciated with avionics for carrier or other shipborne aircraft. While this

is an important objective for the Navy, the problems are not shared by all
users of avionics. Thus, while some of the technologies addressing cooling,
connectors, and other mechanical aspects of the PME concept may be shared,
there does not seem to be a case for a dircct application of MAP for USAF
use. Earlier USAF studies found that the usc of standard electronic modules
is economically attractive only in limited cases (c.g., ground support
equipment and selected aircraft applications). It limits the avionics
designer's flexibility in his pursuit of ontimization. Another drawback

to MAP in its current status is that it fixes rack size and allows no
installation flexibility for the airframe manufacturer.

3.4 OVERVIEW OF THE FINDINGS OI' THE SUPPORTING STUDIES

On the basis of the ypreceding discussions and the results of the
industry survey, we can draw scveral conclusions concerning both technical
and busincse aspects of a USAF PME standard. The subject of cost-bencfit
relationships will be dealt with in Chajter Four.

As we explained in Chapter Two, ARINC 500 and 700 serics avionics

equipments have different degrees of direct usability in USAF aircraft.

In most cases (except where syace, cvnvironment, or performance prohibit
it), adaptability can be achicved through modification, interface accommo-
dation, waiver of standards, or chanades in the procurement process. Thesce
caveats can be burdensome and frooucently lead to a decision to pursuce a
military solution unless there is a clear and convincing cost argument

to the contrary. Unfortunately, this usually creates a new and individual-
ized picce of USAF equipment. A USAF PMF standard similar to the ARINC
standards could be the prime solution to this problem.

The consensus among industry members surveved is that a USAF PMID stan-
dard is an acceptable way to qain many of the standardization benefits
associated with the ARINC standards, without bwing dependent on adaptations

of airlines avionics. This approach also ap:cars to enhance the current
USAF standardization thrust by providing for cross-system standardization
as well as standardization for o sinele soostern. The coneopt eoxtends from

boxas, racks, plugs, test cquirment and pyocedures, to training and mainte-
nance practices, installation design, modification jrocesses, and specified
items. It also enhances the jotential for commonality in many other areas
across multivle platforms: ipower sources, environmental concrol sources,
ducting, porting, space efficiency, wiring desian, and similay avionics
peripherals.
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Specific conclusions are as follows:

1.
: 2.
{
3.
4,
5.

Sizing is the main point of contention associated with a PME stan-
dard. ARiINC 404A and 600 Standards are considered "freauently too
large," especially for srace-constrained fighter-type aircraft.
Sizing in a USAF PME standard should accommodate generalized needs.
While a single standard would be economically preferable, multiple
standards may be necessary to scrvice the full range USAF neceds.
Perhaps some combination(s) of USAF and commercial sizing would

be possible to permit cross-fit of equipments. The order of pri-
ority in size concern appears to bo:  first, heiaht; second,
length.  wWidth was not mentioned as a concern.

The next most severe contention centers around envircnmental con-
trol, which would require design to maximize long-term benefits

of current and future techniques. If designed and implemented
carefully, an envirommental standard could benefit not only the
prime users (such as the F-16 and F-111) but also those who would
achieve environmental control as a bonus. While good environmental
design parameters certainly do not lower design and acauisition
costs, they do provide lower peak operuting temperatures, which,

in turn, reduce equipment failure rates and hence operating and
SuUpport costs.

wWhile the use of a PME standard agencrates sianjfjcant advantagrs,
expanding the conce ot from one of form, fit (¥ ), and cnvironment
to one of form, fic, funciion (Fq), and environment introduces the
notion of functional standardization, which has heen widely dis-
cussed but only occasionally imi-lemented in the USAF. The benefits
achicved throush the combination of box and functional standardiza-
tion arce synergistic: both the user and the avienics industry
cnjoy not ondly continuing comtotition, interchangeabrility, maturity,
and casc of modification, ! at also the convenicence of a well
cestablished, rocognized, and ace jted discipline that encourages
its own nsc.

PMEl standardization can be arplicd to any class of avionics as a
"box" standard. standardization should probably be
limitrd to common mature avicnics functions; it should be eoxtended
to mission avionics only when an canivalent stage of maturity is
reached. In short, F° can be aprlied to all avionics; F° should
probably be limited to common functions and less complex mission
avionics,

functional

Wiile PME standardization tecihmiques arc aiprorriate for all USAPR
arrcraft, the concort of an ontire avionics svstem overhaul just to
incorporate new standards 1o ooxisting aircraft does not seem to

be reasonable.  Where entirely new avionics suites are being con-
sidered for retrofit, as in the case of the R-52 or the F-4G,

e fits may be derived from arg lying PME standardization.  This
would necd ro bhe determined on an airveraft-le-aircraft basis after
the basio PME acquisition and installat ion cost has boon ascer-
taincd.  For new adreraft, a0 of IME standards would e an inte-
gral part of the desion jroco sy thils arpears to be a reasonable
place to initiate the concept.
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Convection cooling continues to serve the commercial airlines
needs because of the availability of pressurized and conditioned
cabin air and the acceptability of low~density avionics packaging.
Military aircraft designs have continued to use convection cool-
ing for most avionics installations in spite of the performance
shortcomings that occur under some military operating conditions
and the dense component packaging. Alternative techniques for
removing excess heat from avionics components have been amply
demonstrated in mission-equipment installations where forced-air
cooling is not sufficiently effective. Advanced environmental
studies are in process in the industry. If results are available
in time, they deserve assessment before decisions arc made on USAF
PME environmental control features.

Vibration standards and the gualification testing relating to them
need to be raconsidered in conjunction with potential shock-
mounting techniques. Vibration isolation for a complete avionics
box/rack combination presents qualification-test problems; hard
mounting is preferable, but vibration test conditions appropriate
to specific aircraft and box locations should be specified. The
current method of generalizing requirements frequently leads to
over-specifying qualification te¢sts and, consequently, the equip-
ment itself. Benefits could be achieved in the form of lower cost
for production and qualification tests.

Quality control rcquirements for plece-parts create cost conditions
for military equipments that arc not necessarily incurred in the
commercial process. The higher price of military quality control
does not necessarily lead to better quality, however.

MTBF guarantees prove to be an excellent incentive for a contractor

to achieve proper design for good performance. However, an RIW
goes further, giving the manufacturer a continuing ojportunity to
improve equipment p.erformance if he chooses to ~- or nceds to --

to forestall a degradation of his equipment. 1In short, he has the
latitude under RIW to improve cquipment rerformance as necded or
desired.

Purchase cost comparisons between military and commercial cguip-
ments are genecrally not valid because of difficulties encountered
in identifying comparable prices. The basis of price for commer-
cial units may include indirectly allocated overhead functions,
for examile, while military costs may include inventory, training,
data, and other support functions of a totally different naturc.
Under these circumstances, dircct cost comparisons are unreliable.
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CHAPTER FOUR

COST~-BENEFIT ANALYSIS

4.1 INTRODUCTION

This chapter outlines the methodology and preliminary findings of our
examination of the economic and other benefits associated with standardiza-
tion of avionics equipment packaging, electromechanical interfaces, and
environment control. The basic quantitative trade-off is between the cost
and the benefits of implementing such standards. Thc benefits would be in
terms of reduced operating and support (0&S) costs brought about by improved
equipment availability, reduced acquisition cost, and reduced modification
cost achieved by exploiting the interchangeability capability in successive
equipment generations and replications.

4.2 APPROACH

We reviewed several avionics life-cycle-cost (LCC) models used by or
for the USAF. It was recadily apparent that the level of injput detail that
cach of these models required far excceded the data available for this
analysis. Further, the models were not structured to permit parametric
analysis of specific key wvariables. It was, therefore, more expedient to
create a specialized model for our purpose rather than modify an existing
one.

A proposed avionics packaging, mounting, and environment standardiza-
tion policy must be evaluated for a wide cross-section of eguipment and
aircraft types. Typical avionics LCC models detail the buildup of costs
through the development, test, and operational life of a system. our
avionics PME standardization cost-benefit model addressces the cost clements
that are related to the avionics subsystem In many alrcraft types, incluaing
their successive modifications. The potential cost saving is the difference
between the payback elements, such as lower acquisition, C.s, and modifica-
tion costs, and the added costs for initial design, englnecering, testing,
avionics bay structure e¢lements, ctc. To hold the work of developing thesc
inputs to a level of cffort commensurate with the resources of this study,
we established plausible boundaries within wihich a gyiven injut could vary.
Sensitivity analyses then were used to determine if that cost clement was
significant to the overall ILCC, and thus whother data collection would be
worthwhile,
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In understanding our a;proach, it 19 important to recognize the funda-
{ mental difference between thie potential bLenctits of ME standardization and
those vwtalned v the prevalent form of standardization in the military,
' i.e., the use orf standard (FF; aviconics.  Many of the benefits of standard-
ization can lo¢ achieved indopoendenti of a vMe ctandard, as Flgure 4-1 shows.
: For example, use of ar o oxisting military egquipnent as S0F for rultiple air-
;u craft types will reduce Jdevelopment cost, 1rmvrove- the cost-guantity discount
, recelived, decrease too pares sufficieney levels rerulred, allow use of
* common support cdguipnlent, gl achlaove otler coonomle oneflts that can be

estimated by the usce of conventional D00 technlqgues.  wWiile a MU standard
nicadly o easler, 1t 1s not a

would make wider application of GFF o roe :
prerequisite to the use of GPE Jor stuandardization urposwes.  Obviously, if

{4 GFE standardization were to s:read acr ol ments Lo thie extent that
¢ ! common boxes, conncctors, hold downs, ote., were uscd, it would in itself

result in a form of PMI standardizativii. Do odate, bowever, the GFRostan-
dardization approach has achloevod intra-svsten standardlzation and not the
inter-system standardization that woula come from the PME approach.  Our

‘ analysis task was to 1solate those addrtional benofits that would accrue 1if
one or more of the PME standardization alternatives weroe implementod and to
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We have focused our analysis on implementation opportunities in new
installations, i.e., in a new production lot for an cxisting airframe or
as the architectural approach for an aircraft currently in the conceptual
stage. While retrofit applications represent a much larger set of reguire-
ments, they also would be more costly to implement. Some inferences on the
retrofit cases are discussed later in this chapter. We assumed that the
earliest date of implementation for any of the PME standardization alter-
natives would be 1985.

4.2.1 Methodology

We first established a disciplined framcwork for examining guantita-
tively and qualitatively the benefits associated with cach of the standard-
ization alternatives. A general purpose computer was used to establisi a
systematic computational scheme, as indicated in Figure 4-2. The PME cost-
benefit model uses three primary data bases and a se¢t of control inputs for
parametric analyses. The model computes delta costs -- that is, the differ-
ence between the cost of conventional acquisition and support of military
avionics equipment and that cost if the PME standardization alternatives
selected for this study were being applied. These alternatives arc:

* Avionics LRU Packaging Standard

This standard would:

a. define a set of preicrred dimensions, andg maltiples thereof,
to be used interchangeably as the height, width, or depth
of each LRU, with no constraint on the mounting attitude

b. 1limit the permitted power dissipation per unit volume of

the LRU to a level that is compatible with rcadily achiev-
able cooling-air tempecratures and flow rates

* Aircraft Ra:k/Mounting/Interfacc Standard for Avionics

This standard would:
a. define a required LRU rack/mounting attachment mcthod

b. define a set of required rack/mounting attachment inter-
facce dimensions and tolerances to ensure mechanical
interchangeability with all other like-sized avionics LRUs

c. define an clectrical intrrface staindard (i.e., connector
size and style and specific pin voltage and signal stan-
dards) for each common avionics function

* Avionics Environment Standard in Alrcraft

This stanrdard would define the efficicney of avionlces cooling
(and possibly other critical avionios envivonre ntal parameters)
required to be achieved by any aircraft «onvirenmoatal system quali-
fied for USAP acceptance. Cooling air inlet tomporatures and flow
rabtis would be specified as tunctions of tie design electrical (heat)

load, design margin, and growth factor allowatan .

Fa.:
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. Avionics Common Power Standard

This standard would definc a standard of ¢lectrical power
supply and clectrical powcer reqgulation siooitfically adapted for
avionics service. First-line protection of avionics clrcults from
over-voltanes, sustained outages, noisc, ool Bih=voltor srikes
would be the responsibility of the clectric jower system design.,

»  Avionics Packaging, Mounting, and Dnviromment (ME) Standard

This standard would define a composite of all of the above
standards: LRU packaqgis;, rack. mountinginterface, onvironment,
and common power.
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LCC results or Cost-kstimating Relationships documented in other studies
performed for the USAF were used to establish bascline costs for each of
these categories. Weljghting factors then were applied to describe the esti-
mated change in cost that would occur if cach of the standardization alterna-
tives were implemented.

Output from tin: model provides payback estimates on a yearly basis and
on an aircraft lifoetime basie and discounted valuces for these estimates. It
should be kept in mind, howover, that it 1s the relative ranking of the
standardization alternative: , rathey than absolute valuces, that is meaningful.

4.2.2 Aircraft Applications

First we reviewed the USAF Avionlces Planning Baseline (September 1979)
document to determine a reasonable implementation scenario for the standard-
ization alternatives. On the assumption that the development and adoption
of any standard having a widespread impact would take scveral years and that
production lead times require an cqual amount of time for implementation, we
selected 1985 as the i1nitial implementation date. Potential applications of
PME standardization to new aircraft that arc pplanned for introduction beyond
that date are shown in Figure 4-3. It may be scen that such applications
total just under 1,200 througyh 1994 (the limit to which planning data are
available). This is less than 15 j.crcent of the total active inventory
(force) that the USAF has maintaincd over the past few years; however, these
aircraft represent attractive initial targets, as their avionics configura-
tions have not been finalized. ‘Further, tiese aircraft form 4 threshold case
for payback analysis -- the per-ailrcraft benefits should be roughly equiva-
lent to those that would be oktained for the current inventory aircraft,
while the investment-cost increment should be less.

For analysis purposcs, we have grouped these aircraft into the follow-
ing three generic classes according to performance characteristics:

* High-Performance Tactical - The only member of this class identified
in future plans for aircratt 1s the Advanced Tactlical Reconnalssance
System (ATRS). There is no firm decision on the configuration of
this system, which is a replacement for the aging RF-4C. There is
still a possibility that an unmanned aircraft may fill this role.
However, therc arc other future high-performance tactical ailrcraft
that are likely to create applications of this order of magnitude
(e.g., an advanced tactical fightcer or interceptor), but they have
undefined quantitics.

* Tactical Attack/Obscrvation - The PAU-X represents the largest
potential applicatigﬁ.tﬁ thils category.  The manifestation of this
concept could range from the current A-19 or similar aircraft to a
light aircraft similar to the current OV-10, We have grouped 1in
this class also the HH-X, a4 replacement for the current rescue heli-
copters, as its avionics and o} erational environments are similar

even thougi its air frawe 15 Giffcrint.




P
§
‘ | | r I I I T
3 (ATRS)
# 1000 — —
) E Total me———
L 5
L v — 'J
- >
o
+~
1]
. —
: /T
X 5 (FAC-X) o
@
o
Qo
o4 b
o —
: 1]
{ 6]
o
—
&
< 500 — —
&+
Uy
- 1]
S
8]
o L
-
' <L
- .
o (C-X/TAMB)
= - —
(CMC) _
— 4
- (HH=-X)
‘ (RC-X) ———
] } . - 4 —} 4
86 87 88 #9 O 91 92 93 94

{tiscal Year)

Figure 4-3. POTENTIAL NEW AIRCRAFT PME APPLICATIONS

[
|

¥
 J




Cargo/Transport - Military aircraft in this category are frequently

derived from commercial passenger-carrying airframes. Even if not,
they offer much more liberal tolerances for installation of avionics

than do the aircraft in the previous two categories. We have grouped

together for analys’s purposes the CX/TAMA, the RC-X, (replacement
for the RC~135), and the Cruise Missile Carrier (CMC).

4.2.3 Representative Avionics and Costs

The avionics equipments for the aircraft types listcd above are not

defined.

It is possible, however, to make reasonablc inferences on the

basis of the equipment types installed on thc aircraft they are intended to

replace.

and costs for the three generic classes of aircraft. Most of our acquisition

and 0&S

Our modification and installation costs

We synthesized representative current-technology avionics suites

data were derived from a recent LSC analysis of the F-16 avionics.*
were estimated by the use of AVSTALL

methodology developed by ARINC Research for the NAVSTAR GPS Joint Program
Office.** Other estimates were either scaled from these valucs or taken
from published commercial or government price lists.

The avionics suites that we used as baseline cases are shown in Table

4-1; only systems that would be affected by PME standardization were included.

For example, we did not address antennas, displays, controls, and similar
non~racked equipment. The three categories of equipments shown in Tablc

4-1 are

explained as follows:

Communications and Radio Navigation Systems ~ These systems are
common to most aircraft, although the mix differs slightly depend-
ing on the aircraft's operational use. Those avionics are charac-
terized by relatively low cost and maturc technology.

Mission- or Aircraft-Unique Systems - These systems are typically
high~cost and vary extensively from aircraft to aircraft. There
is significant architectural interdependence; i.e., the use of
outputs from one subsystem are used as inputs to anothcr. There-
fore, when modifications are made to one LRU, several othcrs are
often affected.

Envirconmental Control System - This was considercd as a separate
cost element since it figures centrally in two of the standardiza-
tion alternatives.

The costs we developed as input values to the PME standardization model

for the

representative aircraft and avionics suites are shown in Table 4-2.

It should be noted that costs in the arca of mission- or aircraft-unigue

systems
overall

*r-16 Logistics Supporé Cost Status Report (UL 76A2), 12 March 1979, General

Dynami
**Avioni

GPS, ARINC Rescarch Publication 1727-04-0259, Junc 1979.

predominate. This suggests that to have a significant impact on
avionics LCC cost, futurc PME standards cannot be confined to those

cs.
cs Installation (AVSTALL) Cost Model for User Equipment of NAVSTAR




Table 4~1. BASELINE AVIONICS SUITES
Aircraft Type System Component
High-Performance Communications and VHF R/T
Tactical Aircraft Radio Navigation UHF R/T
Systems Interphone
IFF R/T
TACAN R/T
ILS RX

Mission-Unique or
Aircraft-Unique
Systems

Radar

Video Receiver
Heads-Up Display

Fire Control Computer
Inertial Navigation
Blankecr

ECM RX

Signal Processor

Environmental Control
Systems

Entire System

Observation/Attack Communiications and VHF AM/FM (2)
Aircraft Radio Navigation CHC R/T
System HF Radio
Interphone
IFF R/T
TACAN R/T
ILS RX
Mission~Unique ECM EX
Systems Blanker
Environmental Control Entire System
Systems
Cargo/Transport Communications and VHF AM/FM (2)
Aircraft Radio Navigation UHF R/T

System

HE' Radio (2)
Interphone
IFF R/T
TACAN R/T
ILS RX (2)

Mission~Unique or
Aircraft-Unique
Systems

Weather Radar

Radio Altimeter (2)
Ground Proximity
INS (2)

Environmental Control
System

bEntire system




Table ¢--. REPRESENTATIVE AVIONICS SUITES ANL COSTS (DOLLAKS)
Cost per Type Cust jer Arrcraft Ten-Year Cost jer Alrcraft
System Integratiou il nstallatic A
v nLegra .‘ n LK nstallatien Operation Avionics Update
Enjineering frocurement and Support Modifications
Tust and Data (Group B) Labaorx TM&[(:llél 1 € n
High-Performance Tactical Alrcraft
Communications and
Radiv Navigation
VHF Receiver/Trancmitter 46, U0 3,6%; bl 1,660 7,000
UHF Receiver/Transmitter 107,000 1,500 T 4, 360 7,500
Interphone 60,000 [PE1) EED 106 6,000
IFF Receiver/Transmitter 107,000 Lo, 7oy 320 8,480 8,500
TACAN Receiver/Transmitter 272,000 w250 1,750 4,840 12,502
ILS Receilver B84, tiu Gk [ 1,460 7, 0L
Total 726,000 EIPOSIE 1n,4.00 U 21, 0 a#,907
Mission-Unique or
Aircra t-Unigue
Radar 326, 000 [
Video Receiver 2,000 1,279
Heads-Up Display 3, e 1,200
Fire Control Computer VT, 1,00
Inertial Navigation (RN 1,7
Blanker G, . v
ECM Receiver [ P 57 KPR
Signal Frocessor 23, Sy B 1,04 1i,00
Total 3,367,000 S PUS N 14, 113,530
Environmental Control 3,000 I, o 5, Sy g --
toservation Atvack Aircraft
Communications and T T [
Radio Navigation
YHE AMCFM (2) o i, ETERS
UHF Receolver, Transmitter i, I 4 a4,
HF Radio . b, ' JER
Interphon.: . “ b 1
IFF Recelver/Transmitter 113, 17 L . oS .
TAUCAN keceiver/Transmitter 163, 000 . i, « H T
ILS Receiver 78,000 . i, + H B
Total 73,00 el . E L L)
Mission-~Unigque
ECM Recetvar §2, 000 n I : 1, EFER
Blanker T, e vy b i e Sl
Total o, [ ' ' . Aot
Environmental Control 489,00 . R J Ry
A T re o faroraft
Communications and
Radio Navigation
VHF AMJFM (2) Lo, b A i, 380 i
UHF Receiver/Transmitter L2, i, s 1, i, 3t ", '
HE PRodio (2) 44, e . 3, I [ *
Interihone v, 1, o 1l Sh (R
IFF Receiver/Transmitter NN N o 1o RS b,
TACAN Receiver/Transmittor FSED PR . i, - 1,44 1o,
ILS Receiver {2) T, Lie o 1,0 e 1, '
Total bodur, o i i Tk 4. 0 L
Mission-Unique or
Aircraft-Unique
Weather Radar 416, T L T ted
Radio Altimeter (2) Tk 1, N 1, Mt S
Ground Proximity T, i B [ . 1,000
INS (2) LT 11w, P, v i, ‘. ‘ 17,
Total 1,664,000 | PN SN . G 3,800
Environmental Control 1,432, [ e, i 1 --




equipments that are common to all classes of aircraft; rather, they must

include, at least to some degree, mission avionics. Also, the environmental

control system, which has a significant impact on the reliability perform-
ance of the avionics, requires a substantial investment contribution to
the acquisition and O&S cost, although, as shown later, its payback has
good potential when associated with a full PME standard.

4.2.4 Modification Scenario

Schedules for similar type aircraft in the Avionics Planning Baseline
and costs determined by the AVSTALL model were used to synthesize modifica-
tion scenarios for each of the aircraft types. Basically, our scenario
introduces modifications to the aircraft on a bex-by-box basis starting
five yvears after the aircraft's initial operational capability and contin-
uing until five years before its complete phase-out. The scenario
postulates the eventual complete exchange of avionics once within the
lifetime of the aircraft; variations on this rate are explored in later
sensitivity analyses.

The cost of modification has many commonalities with initial instal-
lation: integration, purchase of the avionics units, initial spares,
support, equipment, etc. There are also differences, e.g., removing or
relocating LRUs, modifying racks, installing new cable runs, ctc. The
method of computing these differences is described, for an illustrative
case, in Section 4.4.

4.3 WEIGHTING FACTORS

The weighting factors are values applied to the baseline values to
indicate the extent of increase or decrease in cost resulting from a
standardization action. Examples of the weighting factors are shown in
Table 4-3; these are the factors used for the common avionics in high-
performance tactical aircraft. If no change from jpresent procedures is
indicated, the value of the weighting factor is unity.

Most of the weighting factors are based on engincering judgment; some
were developed, or influenced to somce extent, by the comments of the air-
framec and avionics manufacturers whose opinions were discussed in Chapter
Three. A tabulation of the weighting factors for cach of the cascs ex-
plored is presented in Appendix E. As their quantification was highly
subjective, little purposc would be scrved by providing detailed rationales
for all the factors. We did perform a sensitivity analvsis on them to
determine their influence on results. This 1s covered in Scction 4.5.1.

As defined standardization plans arc developed, these estimated weighting
factors should be replaced by values that command higher confidence.

4.3.1 LRU Packaging Standard

We anticipate that the existence of an LRU-packaging standard would
cause the design and acquisition cost to decreas.. This would result

from the easier prediction of the avionics bav's confiquration, prarticularly

4-10
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with respect to the establishment of installation methods and materials
(Group-A provisions) because of the existence of a standard form factor.
The impact would also be reflected in the avionics units because suppliers
of the boxes and other mechanical components would achieve larger produc-
tion economies and be subject to greater compotition.

We were unable to identify any significant impact on reliability
stemming from application of a packaging standard that was not accompanied
by concurrent environmental system improvements. Therefore, we show no
change over present 0&S cost factors for this standard. However, there
would be a salutory benefit on avionics update modification cost, because
space would be more efficiently used within the avionics bay and rearrange-
ment could probably be implemented more methodically with unit or modular

sizing.

4.3.2 Rack/Mounting/Interface Standard

The rack/mounting/interface standard alt-rnative requires LRU dimen-
sional standardization as a prerequisite. All the benefits described
above for the LRU packaging standard also apily to the racking/mounting/
interface standard. The costs of futurc modifications would be reduced
to a greater extent with the existence of racks adaj table to LRU size
multiples. The requirement for adapter trays would be virtually eliminated
and the likelihood of major equivment relocations within the aircroft in its
later life would be reduced. The continuing trend toward miniaturization
of avionics made possible with VLSI and similar tcechnologies makes this an
important consideration.

4.3.3 Environmental Standard

The provision of a more effective environmental control system (ECS)
by adherence to a stringent standard would be expected to rcguire some
additional "up front" cost in integrition engineering and testing and
to a lesser degree, in the corresponding installation materials. These
costs, of course, would be in addition to current costs and could vary
considerably depending on the aircraft avionics environmental philosophy.
For examp:le, an aircraft designed today without an ICS might be a suitable
candidate for one if standard environmental svstems were more routinely
implementable and performance improvements jromiscd cost paybacks. In this
cxample, the differcnce (delta) would be the full initial investment cost
of the ECS. On the other hand, an aircraft normally designed with an ECS
would probably expericnce a smaller delta -- the differcnce botween the
cost of the current system and the cost of meeting a more stringent envi-
ronmental standard. In this example, payback would doulitless occur in a
shorter time than in the first example.

According to the avionics manufacturers contacted in our survey, the
provisions of bLietter ceooling would not cause them tn use less exponsive
components in their equipments; rather, they would continuce to omplow
currently selected components, rcaping the bancefit of the higher reliability
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attained in the cooler environment. Accordingly, we allocated the benefits
of environmental standardization entirely to 0&S -- better reliability
through better thermal control, as described in Subsection 4.2.4.

4.3.4 Full PME Standard

The full PME standard incorporates all the concepts explained in
Subsections 4.3.1, 4.3.2, and 4.3.3, and likewise reaps all the benefits %
mentioned therein. We have conservatively assumed the implementation cost i q
to be driven by the environmental provisions and, therefore, used the
weighting factors for engineering, testing, and data, for installation
materials, and for installation labor that we used for the environmental
standard alternative.

P SO

4.3.5 Common Power Standard

The advent of all-digital avionics has increased the requirement for
"clean" power. The application of a common clectrical power standard
would generate only nominal cost for initial integration cngincering and
testing, because the technology is well undecrstood. Our survey ygave
reason to expect nominal reduction in thce avionics unit design and
acquisition cost, because of reduced internal reguirements for jower
conditioning. The less stressful clectrical environment should also
improve reliability, which would reduce 0&S cost, although not to the
extent that we associated with bettcr cooling. We could find no reason
to expect a change in the cost of avionics-update modification or of
installation materials or labor. P

4.4 ESTIMATION OF WEIGHTING FACTORS

An area of key interest is the impact of standardization on O&S cost,

particularly the impact produced by improvements to the environmental con-

trol system. This is a treacherous area for proediction because solid-state

electronics have achicved great improvements in reliability even within

the current military thermal environments. We solocted as our illustrative

case an advanced technology CNI cguipment -- the Joint Tactical Information
Distribution System (JTIDS) Class II terminal. Fiagure 4-4 describes the

relationship between MTBEF and 0&5 cost for this aul;ment when installed

in tactical aircraft. This graph was developoed in o recent LOC exercisc J

performed for the JTIDS Joint Program Office. 1o the ingert are rosults

of USAF tests performed on an improved version of the F-1% onvironmental
control system., In this cxample, the combined MTBEF of the three units )
cited (whose combincd complexity is rouahly coquivalent to JTIDS) was found ]
to increase from 170 hours to 276 hours necause of the impreved cooling.

Translated into 0O&S cost, this repyrosents a reduction from ©1,310 to $1,080
per year, a ratio of approximatelw 0.8, We emploved this value in our

input sot.  The nlausible range cstablished for this factor was from 0.9 to

0.6. A parallel analysis by methods documented in MIL-HDBK-217C indicated

that improvements up to 3uu perveent theorctically could beoachicved. i
4-13

B




JOLOYA ONILHOIAM LSOO ILd0ddNs “p-p 2anbrg

(sanoil) J4LKW

008 00L 009 005 00¥ 00t 007 00T
! I I i |

|

! o

! m

| g

! e

_ A0 u

! 0

| £

| %

] ~

t ct

( 01 o

- L] e
(8°0) TeUTWON “ 80°T o

e ] =

JuasHId 1’1 w

- (3TXS ITe L00T ‘UT ITe ,QF) SUOTITPUGD —~Hc-1 5
burTOOD SOV UT SjuswosoxdWT JEIW DTIUOTAV (Z7) . W

(3TX® ITR L09T ‘UT IT® J,G98) SUOI3Tp 7

~uod HUTTo0d ¢I1-3 Te2T1dAl UT SJI4LW OTUOTAY (1) S

9LT 0LT 39S PL/UTqUOD .o -

— —~0°7 —
o]

vi6 009 YADY Xn¥Y JHN 0DvYE9 S93BY UOTJIPZITTIN m

3JBADATY T[EBOTIOR]L . >
0€L 0S¥ (L/d) wwod JHO  O¥ATL ? t =
ODURUDIUIR JO STOADT € o)

218 00s (L/d) NYOVYL obve9 3 t 3
B :suoT3dumnssy s°¢ oy
(4A) JdaIW  (4H) JaLW SureN 50MS )

(2) (D) o

[
.

1 1l 1 1 1 1 1

A PRI 3 p_— o ")




The impact of PME standardization on modification cost is examined in
more detail, because this is considered to be the area that will vyicld the
most significant benefit. To estimate the differvnces in modification
costs for the standardization alternatives, we used the AVSTALL model,
which provides CERs for installation or modification activitics such as
modifying mounting shelves, relocating LRUs, and replacing major cable
runs. Reducing or eliminating the need for such actions whon avionics
updates are made is one of the benefits of designing to a PME standard.
The extent to which PME standardization will affect total modification
cost is, therefore, of particular inuverest.

The postulated impact of each standardization alternative on modifica-
tion cost is shown in Table 4~4 in gualitative terms.

Table 4-4. POSTULATED IMPACT OF STANDARDIZATION ALTERNATIVES ON
MODIFICATION COSTS
Cost Impact After Standard Is Implemented
Modification
Rack/ . . .
Cost Element Full , LRU Environ- ommon
Mounting,/ ‘ . N
PME ) Packaging mental Fower
Interfacce
Engineering/Design Less Less Liss Same Samo
Test and Evaluation Same Same Sanw Same Same:
A-Kit and Labor
Shelf Less Loss Same Same: Same
Mounting LSS Less Lons Sane Same
Cable Run Less Less Same sane Same:
cockpit Panel Same Same Same Same: Samc
Antenna Same Same Soame: Same San
B-Kit Laes:s [iss Lovesss Same Lovss
Support Equipment Same Same Sar: sSams: Sam
Documentation Tiiss Lo tam Same: San

We used the AVSTALL CERs to translate this tabulation into gquantitative
terms, using the TACAN as a rpresentative urit.  Our computations for this
~ase are described below.

The AVSTALL cost model estimates the unit cost of modifying an air-

craft to inetall o roplace an o aviodo. o suboystem or component.  This cost-
estimating relationshiy is characteryirzed as:
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unit modification cost that is to be estimated

cost of the A-Kit, aircraft-peculiar mounting, and cabling
cost of the avionics LRUs supplied

cost of the labor to install

cost of engineering/design

cost of documentation

cost of the prototype installaticn

cost of test and evaluation of the installation

number of aircraft modified

The value of each cost element is governed by the descrsirtion of the actions
required to implement the modification. The @»scrijtors selected by the
AVSTALL model are as follows:

Items

Mounting shelf, rack

LRU

Malor cable run

Act’ ns Cost Areas
Install Alrcraft modific . tion
Remove Trainer modification
Ry lace peculiar suprort cquipment
Relocate Spares
Modi fy

Aircraft Tyvies

Fighter and fighter/bomber

Heavy attack

Light/attack and observation/attack

Bonbor

Medium-large trans:ort

small transport

Helicopter

The cost lerents that contribute te Cyoand ¢ for a tyrical case of
installing a single LKU 1n a fighter aircraft are shown in Table d=5.
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Table 4-5.

AVSTALL COSTS FOR TYPICAL LRU INSTALLATION
ACTIONS (DOLLARS)

Actio Constant | Modify | Relocate | Replace | Install | Install
"l Term Shelf | an LRU | a cable| a Cable| the LRU

C 200 50 200 150 150 40w

A B
0.8*

CL 0 365 1,750 875 1,050 280wB

C_.=6.033 (CA)l'09

= 100 (CA)

w)

‘e
Cp = Ca*Cp+Cp

= 0.4(c 0.8
CT 4(CB) (CA)

*Where WB = weight of the LRU in pounds.

NOTE: Labor at $35 per hour assumed.

For TACAN (AN/ARN-118), Wp is 35 pounds, thus 40Wp = $280, and
280Wg0-8 is $4,813. Thus, C, = $2,150 and Cp, is $8,853. The unit cost
of the TACAN Receiver/Transmitter unit is given as $8,925.

From these data, we calculated the modification cost for the present
case, for a case where an LRU packaging standard was applied (so that
shelf modification and LRU relocation would not be required), and for a
case where a rack/mounting/interface or full PME standard was applied (so
that mounting adapter hardware would be standard and cabling changes
minimal). The resulting CERs for these cases arec shown in Table 4-6,
where they may be compared. In the special case where the TACAN LRU to
be installed is a direct F3 replacement for one being removed, the AVSTALL
CER gives a cost of $305 recurring and $23,721 non-recurring, yielding a
unit modification cost of $400 each for 250 aircraft. This special case
was not used in our relative-cost calculations, but it does underscore

the ready second-source replacement flexibility that is provided by a fully
defined interface standard.

Unit modification costs were derived in the same way for the remaining
LRUs in each avionics suite. Table 4-7 shows these costs for the communi-
cations/radio-navigation avionics for the high-performance fighter, and
gives the combined weighting factors used for that section of our cost
model. Simiiar calculations were performed for the other two classes of
aircraft; they are reflected in the weighting factors contained in
Appendix E.




Table 4-6. PREDICTED UNIT MODIFICATION COSTS (QUANTITY OF
250) FOR TACAN LRU INTEGRATION
Present LRU Rack/Mounting/
CER Factor Practic Packaging Interface
ice Standard Standard
Recurring Costs
CA $ 2,150 $ 1,750 $ 1,600
CL 8,853 5,863 4,813
Total Recurring $ 11,003 $ 7,613 $ 6,413
Nonrecurring Costs
CD $ 25,878 $ 20,675 $ 18,751
CE 215,000 175,000 160,000
CP 19,928 16,538 15,338
CT 70,505 59,798 55,661
Total Nonrecurring $331,311 $272,011 $249,750
Unit Cost for $ 12,328 S 8,701 $ 7,412
Quantity of 250
Cost Ratio 1.000 0.706 0.601
Table 4-7. MODIFICATION COST FOR COMMUNICATIONS/RADIO-

NAVIGATION AVIONICS LRUs (HIGH-PERFORMANCE
FIGHTER AIRCRAFT)

Present LRU Rack/Mounting/
LRU Function Practice Packaging Interface
Standayd Standard
VHF Communications $ 7,408 $ 3,430 $ 2,144
UHF Communications 7,475 3,858 2,572
Interphone 5,946 2,345 1,065
IFF Receiver/ 8,636 4,661 3,697
Transmitter
TACAN Receiver/ 12,328 8,701 7,412
Transmitter
ILS Receiver 7,070 3,437 2,145
Total $48,503 $26,432 $19,035
Ratio 1.00 0.54 0.39




” e g e e

4.5 PAYBACK ANALYSIS

Payback, in terms of military expenditures, may be interpreted as a
cost avoidance value. All payback values shown in this and succeeding
sections are displayed in the same dollar values as the input, i.e., FY 1975,
As discussed in the introduction to this chapter, however, it is the rela-
tive rankings rather than absolute values that are meaningful.

The principal significance of a payback analysis is the insight 1t
provides on the recovery of investment. In this period of tight money and
high interest rates, economic institutions place great emphasis on rapid
payback. We conducted a payback analysis and plotted the results on a
year-by-year basis. The payback cost streams are shown in Figure 4-5.
Standard alternatives that have smaller "up front" cost and that principally
reduce acquisition cost, produce quicker and larger paybacks, and are
favored over those that require substantial investment and principally
influence long-term logistics cost. The LRU packaging standard looks
particularly attractive from an early-payback point of view. The environ-
mental standard is not cost-competitive because its payback occurs as
reduced 0&S cost, which represents only a small part of the total LCC
and accrues slowly. It also requires significant initial investment
and does not impact future modification cost.

The slopes of curves in Figure 4-5 are driven by the USAF installation
and modification assumptions used as input. In this subset of the planned
USAF force of the late 1980s, there are high payoffs for standardization
alternatives that reduce future modification cost. The results shown graph-
ically in Figure 4-5 are also depicted in tabular form in Table 4-8.

4.6 SENSITIVITY ANALYSIS
After exercising the model for the three-aircraft-class sccenario, we
explored the sensitivity of the LCC relationships to the weighting factors

assumed and to the frequency of avionics-update modifications assumed.

4.6.1 Sensitivity to Weighting Factor Values Assumed

The results of the analysis of weighting factor secnsitivity are dis-
played in Figure 4-6. This figure shows thce net economic benefits of
implementing each of the standardization alternatives over the projected
force lifetime. Plotted on the chart are the results obtained when the
nominal, most optimistic, and most jessimistic values of weighting factors
were used. Table 4-9 shows the ranges of the values used. Within the
range of variance explored, the LRU packaging standard, the rack/mounting/
interface standard, and the full PME standard are competitive and attrac-
tive from an economic standpoint.

The environmental standard and common powcer standard provide paybacks,
but not on the same order as the other standardization concepts. This
occurs primarily because these two concepts have a lesser cost-reduction
impact on future modification cost than do the other three alternatives.
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Table 4-8. PREDICTED ANNUAL COST SAVINGS IN AVIONICS/AIRCRAFT
INTEGRATION, OPERATION, SUPPORT AND MODIFICATION
{THOUSANDS OF DOLLARS)
Year Pacizging Raiiﬁ::ﬁi:;?g/ gziidzfg iiﬁii? En:;iﬁﬁ:ﬁi;al
Standaxd Standard Standard

1985 0 0 0 0 0
1986 0 0 0 0 0
1987 1,068 1,019 -328 37 ~-581
1988 682 642 271 309 -14
1989 12,527 7,800 1,383 5,123 -3,979
1990 15, 316 9,719 4,630 7,369 -2,375
1991 15,470 9,732 4,922 7,598 -2,121
1992 17,018 11,744 7,351 7,680 -1,762
1993 14,248 9,121 6,707 6,664 -1,313
1994 4,454 5,592 7,115 878 1,522
1995 4,454 5,592 7,115 878 1,522
19926 4,454 5,592 7,115 878 1,522
1997 4,454 5,592 7,115 878 1,522
1998 4,454 5,592 7,115 878 1,522
1999 4,454 5,592 7,115 878 1,522
2000 4,454 5,592 7,115 878 1,522
2001 4,454 5,592 7,115 878 1,522
2002 2,627 3,358 4,881 878 1,522
2003 2,627 3,358 4,881 878 1,522
2004 0 0 1,522 878 1,522
Sum 117,211 101,231 93,137 44,434 4,602

4.6.2 Sensitivity to the Modification Scenario Assumed

Our modification scenario was based on an ASD/AX estimate that each
military aircraft experiences a full swap-out of avionics over a 20-year
period (although the swap-out is done incrementally on a system-by-system
i basis).

Since the modification scenario is a critiral factor in ranking the
standardization alternatives, we varied the rate of avionics updates from
zero (no changes over the lifetime) to a complete change of avionics every
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Table 4~9. RANGE OF WEIGHTING FACTORS
. , Int i i c et .

Standardization r;;iifi;ifn Group-A | Group-B Ope::glon Modification/

Alternative Hardware | Hardware Update

Test Support
Communications and Radio Navigation
Packaging, 1.0-1.4 1.0-1.2 0.8-1.0 0.7-0.9 0.2-0.7
Mounting, and
Environmental
Standard
LRU Standard 0.7-0.9 0.4-0.8 0.7-0.9 1.0 0.3-0.8
Rack/Mounting/ 0.7-0.8 0.4-0.8 | 0.7-0.9 0.2-0.7
Interface
Standard
Environmental 1.0-1.4 1.0~1.2 1.0 0.7-0.9 1.0
Standard
Common Power 1.0-1.2 1.0 0.8-1.0 0.8-1.0 1.0
Standard
Mission-Unique or Aircraft-Unique
Packaging, 1.1-1.3 0.9-1.3 0.7-1.1 0.7-0.9 0.5-0.7
Mounting, and
Environmental
Standard
LRU Standard 0.6-1.0 0.4-0.8 0.6-1.0 1.0 0.5-0.9
Rack/Mounting/ 0.7-1.1 0.7-0.9 0.7-1.1 1.0 0.6-0.8
Interface
Standard
Environmental 1.0-1.4 1.0-1.2 1.0 0.7-0.9 1.0
Standard
Common Power 1.0-1.2 1.0 0.8-1.0 0.8-1.0 1.0
Standard
Environmental Control System

Environmental 1.0-1.6 1.0-1.4 1.0-2.0 1.0-1.2 -
and PME
Standard
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five years on the average.
Figure 4-7.

The results of this exercise are shown in

It may be seen in the figure that the common-power standard
is competitive when the avionics suite is not exchanged. The environmental
standard does show some savings, but tends not to be persuasive.

4.6.3 Sensitivity to Mission Avionics 0&S Cost Assumption

We noticed that the 0&S cost for the mission-~unique avionics, as
derived from our source (the F-16 logistic support cost estimate), were
approximately 2 percent of the LRU acquisition cost per year. This is

very low for such sophisticated equipment, even considering its wide use

of solid-state components. Current RIW manufacturer-support contracts are

approximately at 5 percent per year of the LRU cost, and organizational
maintenance is even more costly. We, therefore, made runs with mission-
unique cost adjusted up to 5 percent. Figure 4-8 shows the sensitivity
of the total force life-cycle cost to this change. Notice that the rela-
tive attractiveness of the environmental standard, the common power stan-
dard, and the full PME standard are substantially improved. The merits
of the LRU packaging standard and the rack/mounting/interface standard
are relatively unchanged, as they are postulated to influence initial
acquisition and medification costs rather than 0&S cost.

4.7 SUMMARY OBSERVATIONS

The subset of the USAF force examined is proportionally representative
of the total USAF current inventory, which is comprised of approximately
60 percent one~ or two-seater aircraft and 40 percent wide-bodied or
bomber aircraft. If these applications were included in the analysis, a
larger return in the aggregate might be shown. It was not possible, how-
ever, to determine realistically the extent to which the PME standardiza-
tion alternatives might be implemented in an existing aircraft architecture
and at what cost. It seems reasonable to assume that installation of new
PME-standard equipments in older aircraft (racks, mounting provisions,
connectors and cables, ECS, etc.) would cost at least as much as installa-
tion in production-line aircraft, and most likely a great deal more. The
uncertainties of these costs did not permit us to evaluate, or even esti-
mate, their magnitude. Any saving attributable to upgrading older aircraft
with PME standards would necessarily be less than that for new aircraft
by the amount of the increased cost of installation.

Accordingly, the
payback time would be longer.

This implies a lessened opportunity to
secure the possible benefits because of the age of the aircraft at the
outset and the lesser life expectancy and lessened potential for needing
to exchange avionics suites as on new aircraft. If a PME standard is
implemented, and hard PME cost data are developed (rack costs, installation
times, etc.), the value of installing PME equipments on older aircraft
would then need to be evaluated on a case-by-case basis through detailed
cost trade-off studies. As was pointed out earlier, the largest contribu-
tors to acquisition and O&S costs are the avionics that are not common

across the force. Thus, it is difficult to establish a PME "block" for
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installation during the periodic retrofits for these aircraft. This con-
cept will require further development before cconomic analysis can be made.
It is fair to conclude, however, that PME standardization does have economic
benefit if used for installations in new aircraft.

The magnitude of the predicted saving associated with PME standardiza-
tion appears small when viewed in the context of the USAF's current spend-
ing level of approximately $2 billion per year on avionics acquisition.
However, we have considered only a small fraction (15 percent) of the
total applications. Further, the difficult-to-quantify aspects of PME
standardization as a building block for wide employment of GFE avionics,
as discussed in Section 4.2, have not yet been included.

TR

The results of this analysis, while preliminary and of first-order
approximation, indicate that there is significant potential for achieving
payback from PME standardization. The LRU packaging standard and rack/
mounting/interface standard appear attractive, with lower investment 1
requirements than were assumed for the full PME standardization. However, 1
these results consider the quantifiable costs alone. Operational benefits : !
of improved avionics reliabkility, such as reduced mission aborts or mission
curtailments, are difficult to quantify in terms of cost saving, since the
avionics system is only one of many potential mission availability problems.
One conclusion that can be drawn is that environmental improvement plus PME
standardization can have a much more significant payback potential than
environmental improvement implemented alone.

The common power standard can stand alone. The implementation cost
necessary to provide better regulation, voltage-spike protection, and
outage prevention are much less than those for the improved cooling systems.
Currently, this protection must be provided within each LRU. The payback
starts by removing this cost from the LRU (acquisition saving) and con-
tinues with improved reliability (O&S saving).

It should be kept in mind that the standardization choices are not
mutually exclusive. For example, continued use of commercial standards
for wide-bodied aircraft and adaptation of the commercial PME standard for
other military applications could be approached simultancously; an LRU
packaging standard developed initially could later be established as a
part of a full PME standard. Our review of the key technical issues that
govern~d the inputs to the analysis produced further insight into the
attractiveness of the alternatives that cannot be displayed as direct
model outputs, i.e.:

* Fighter-type aircraft comprise the larqgest component of the repre-
sentative force addressed in this analysis; they also represent the
largest component of the USAF's projected force. Even small cost
payback changes in this class of aircraft will derive large abso- i
lute changes in total USAF avionics life-cycle costs. X

¢ The "common" group of avionics, which is the most amenable to the
use of commercial or similar standards, represents a minor part of ;
the total cost of the avionics for a combat aircraft; however,
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i associated with flight-essential functions there are high opera-~
S L tional benefits associated with availability improvements. Inte-
Ty gration cost for radar, weapon-delivery, and electronic-warfare
avionics dominates the avionics-suite LCC and, therefore, has the
biggest potential quantitative payback for PME standardization.

e
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Where cost has been a principal design factor (e.g., for AN/ARN-118
. and AN/ARN-127), military avionics prices are fully competitive
with commercial avionics prices.

il L

4.8 RECOMMENDATIONS

The PME model developed for this analysis is a powerful tool for
examining the impact of standardization alternatives on life~cycle costs
in a multiple-aircraft implementation scenario. It will require, however,
a significant additional planning and costing effort to provide the data
on input-cost elements needed for an absolute set of values. To obtain a
better confidence in the relative attractiveness of the five standardiza-
tion alternatives, the performance of the following tasks is required:

[ p—

1. Obtain both planning and projected cost data on a larger group of
aircraft selected as viable candidates for PME standardization

2. Define specific types of avionics in the aircraft of interest ‘

3. Construct scenarios describing in detail implementation plans -
for candidate PME standardization alternatives

4. Obtain more detailed data, particularly for the modification cost

5. Perform an analysis on what the planned implementation -- ECS
systems, power distribution systems, etc. -- wouid cost for the -
various standardization alternatives '

At this stage in planning for a PME standard, there is some doubt that
such an extensive effort would be warranted. Of the tasks outlined above, '
the fifth (implementation cost) is the most critical. However, before this
can ke analyzed in any significant detail, a set of "strawman’ approaches
must be defined: sizing, cooling method, ctc. One scenario is described b
in Chapter Five to demonstrate what we fecl is a practical approach to !
implementing PME standardization in the USAF. The steps required to o
establish other activities are described in the PME standardization plan
in Chapter Six. i
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CHAPTER FIVE

SCENARIO FOR IMPLEMENTING USAF PME CONCEPT

This chapter describes a single scenario for implementing a USAF PME
concept. It takes the approach that avionics boxes, racks, mounting devices,
connectors, power systems, and environmental-control systems will all be
incorporated into the PME standards, either concurrently or sequentially.

It postulates that functional standardization to achieve complete LRU
interchangeability can be incorporated either initially or after implementa-
tion of the PME standardization. This scenario offers many technical and
institutional benefits but it should be recognized as being just one of
several. The cost analysis process should be applied to other scenarios
similarly postulated to determine an optimized approach for implementing PME
standardization.

5.1 THE CHARACTER OF A USAF PME STANDARD

5.1.1 Sizing

Our discussions with USAF engineers and manufacturers of aircraft and
avionics revealed that, while many commercial avionics have applicability
to military cargo aircraft and other similar large-bodied aircraft, a PME
approach unique to the military will be required for smaller, high-performance
aircraft. It is possible that the military PME standard might be an adapta-
tion of ARINC 600, retaining sufficient common features to allow interchange-
ability of functionally equivalent LRUs. For example, if the USAF PME
standard embodied the ARINC 600 Modular Concept Unit (MCU) approach, it is
conceivable that an Air Force MCU could be differently defined in terms of
dimensions, watt~dissipation factors, and hold-down devices, yet be adaptable
to ARINC 600 racks and accept ARINC 700 series equipments. While the notion
of military/commercial cross-fit is certainly not essential, obvious benefits
could stem from it: common designs, shared specification development, cross-
community procurements, etc. If there were cross-fit compatibility between
the USAF PME standard and ARINC 600 standards, the USAF would in effect
enjoy the benefit of a single standard across its entire force: it could
use ARINC 700 equipment in its larger commercial-like aircraft and USAF
equipments in smaller configurations for its space-constrained aircraft. On
the other hand, the absence of cross-fit compatibility would present two
alternatives: first, commercial equipment would be used in the larger air-
craft, as is the custom now, and a unique USAF PME standard would be applied
to smaller or specialized and high-performance aircraft; or, second, the
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unique USAF PME standard and its associated smaller equipment would be used
for all USAF aircraft. The latter notion is acceptable because the avionics
would have been designed for high-performance or constrained situations, and
consequently certainly would be suited to operation in larger aircraft and
circumstances requiring lesser performance.

5.1.2 1Interface

The USAF solved the interface problem posed by the need to put a common
piece of avionics into a broad variety of aircraft when it developed the
AN/ARN-118 TACAN. The receiver/transmitter (R/T) unit was designed to provide
common functions for all aircraft it was to serve. Since each installation
required a unique interface, the R/T unit and its accompanying interface box
and rack were sized together to provide a direct swap-out with the previously
installed TACAN. We suggest that this approach, in conjunction with the
ARINC 600 MCU concept, is an ideal way to design equipments for the USAF PME
standard, whether or not the resulting boxes have cross-fit compatibility
with commercial units. For example, if a USAF avionics unit needs to be 3
MCUs wide to serve the common functions it performs, the interfaces might be
provided in a single separate MCU connected to the 3-MCU box (see Figure 5-1).

F2 — F3 RELATIONSHIP

X. Y, Z Integral

Common / Relationships to NIC 600
\\\\\ ~ Mo 3
2 ”‘U\ Ce M.C.U.s
- X >

T Air Force ACFT
Wide Unique

Y
Part Part

1 Number Number

Figure 5-1. AN AIR FORCE MCU BOX CONCEPT

For logistics purposes, the 3-MCU box would be common to all aircraft it is
used in; if manufactured by a single supplier in a single configuration, it
would have a USAF-wide part number. The interface MCU, on the other hand,
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would serve only to provide adaptation to one kind of aircraft and would
have an aircraft-unique part number. The functional assembly, however,
would be sized as 4 MCUs for installation purposes. This same interface
concept could be used to cross-fit military and commercial units that
required, for example, a DITS/MIL-STD-1553B conversion.

One other concern about interfaces is the level of standardization
that is incorporated. For example, in a PME standard, the notion of functional
standardization need not be addressed. PME standardization can be construed
as F°E: a box, rack, connector, and environment standard. At the next
level, it may define electrical interfaces dealing with power snurces, control
voltages, discretes, etc. At the other end of the spectrum, PME standardiza-
tion can be construed as F3E, which includes full functional interface
description, as in an ARINC Characteristic, and a full aircraft-avionics
interwiring scheme to provide unit interchangeability when new equipments,
techniques, technologies, or manufacturers are introduced and replacements
occur. The notion of moving from F°E to F3E is also viable if the interwiring
provisions are accommodated in the F2 phase. Because of the nature of digital
signals, we believe this is not a difficult task, and suggest that early
efforts should concentrate on implementing an F2E concept initially, and then
moving to F3E after the institutional inertia of the USAF has been overcome.

5.1.3 Environmental Control System (ECS)

A PME standard should deal with an ECS from the standpoint of the air-
craft that will use it and from the standpoint of the aircraft that will not.
Since installing an ECS can be a costly proposition, its incorporation into
an aircraft probably will depend either on a favorable cost-benefit analysis
or, where payback is not expected, on its mission essentiality. Aircraft that
do not meet either of these criteria probably will not have an ECS installed.
The avionics must be designed to accommodate an ECS if one is installed or
to operate in a free environment if one is not installed. Box provisions
should be carefully considered in this regard from the outset, even if an ECS
is not included at the early stages of developing a PME standard. Inclusion
of an ECS at a later time would require a new box design and interface
retrofit, if the original box was not designed for use with an ECS.

5.2 A SCENARIO FOR IMPLEMENTING USAF PME STANDARD
5.2.1 The Standard

Chapter Six discusses in detail a plan for developing and implementing
a PME standard. One aspect of the plan is to use an open forum to develop
specifications that would be broadly accepted and implementable. This
scenario, depicted in Figure 5-2, begins with a developed PME standard that
describes LRUs (dimensions, shapes, ECS adaptability); rack, mounting, and
interfaces (rack, hold-downs, connectors, a power standard, accessory signals,
and interwiring); and an environmental control system (source, medium, sinks,
flows, ducting, etc.).
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5.2.2 New Aircraft

Each future aircraft to be manufactured will have the PME standard
incorporated to the necessary degree. At a minimum, it will have avionics
bays, shelves, racks, mounting provisions, connectors, and cable runs that
conform to the standard. An electrical power system standard could be imple-
mented separately, but preferably would be included in production design.

The incorporation of an ECS should be based on a cost/performance trade-off
study for the specific aircraft.

5.2.3 Older Aircraft

A large portion of the USAF force will be older aircraft by the time a
PME standard can be introduced. This will include current new first-line
aircraft like the F-15, F-16, and A-10. These aircraft obviously will not
be well suited to the incorporation of a new standard for avionics boxes,
mounting, etc. Should they be retrofitted with new avionics according to the
PME standard? This is a difficult question to answer from a cost viewpoint
because of the wide range of variables involved. As suggested earlier, incor-
poration of equipments designed to PME standards into these older aircraft
would cost at least as much ~-- and probably a great deal more -~ than incor-
poration in a production-line aircraft designed for PME. This makes cost
saving suspect, and practicality doubtful. Furthermore, since these
aircraft are older, there will be less opportunity for future retrofits,
which further restricts puayback potential. An exception to this reasoning
would be an aircraft that has been singled out for an entirely new suite of
avionics, as in the case of the B-52. If a decision is made to strip out old
avionics and redo them, then PME standardization may very well be a practical
solution. A cost/performance trade-off study would be well advised in these
circumstances to provide a convincing rationale for a decision.

5.2.4 1Installed Avionics

The avionics to be packaged in the new boxes should probably be existing
avionics to be greatest degree possible to minimize development cost. How-
ever, because new aircraft will be designed to satisfy demands for higher
performance, it would be expected that many of the avionics that go into new
PME boxes will be the outcomes of new or recent development programs; some
may even be concurrent with the aircraft development. These avionics will
not be good candidates for rd specification and should probably be MIL-
specified to the best design, employing F’ or F'E standardization at this
stage. If there is cross-fit compatibility for common functions such as
communications or navigation, development cost might be avoided by using
commercial units. 1If this is not possible, some of these avionics might
lend themselves to the development of a functional specification standard.
These would be avionics employing F? or F’E standardization at the outset.
The four situations described would include both common and mission avionics.
The only avionics that would not be packaged in PME boxes would be those that
were too large or that might require specialized enclosures.
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5.2.5 Decision to Update

At some time in the later life of the aircraft, avionics modernization
begins to take place; we are now dealing with an aircraft that has all of
its avionics in PME boxes and has implemented, to varying degrees, the PME
standard. As described in Subsection 5.2.4 above, there are four kinds of
avionics possible:

1. Originally existing equipment, repackaged to PME standards
2. Equipment developed and MIL-specified to PME standards
3. Commercial equipments cross-fitted to serve military needs

4. Equipments built to an F3 specification for PME standard use

Since the last two types are built to functional specifications and also

fit the PME standard, they are easily replaced on a one-for-one swap-out.

An F3 procurement would be in order. The first two types, however, while
built to PME standards from a form-and-fit viewpoint, employed unique func-
tional design and are F2 rather than F3 in nature. It is at this point in
their life cycles that their suitability for F3 standardization should be
addressed. If they make good F3 candidates, this is probably the last good
opportunity to develop an F3 specification and buy the avionics as a USAF
standard item for other aircraft as well. At this point, the equipment in
question probably is well defined: it has been used for a long period in an
operational environment, and its performance, cost, and maintenance data are
all well known. These elements can all contribute to preparing a better
specification, particularly if the specification is developed in an environ-
ment similar to the Airlines Electronic Engineering Committee (AEEC) open-
forum process. Other elements that would support the suitability of the
equipment as an F3 candidate are also well known at this time in the avionics
life cycle: the market size for new and retrofit aircraft, the user's current
(not future) requirements, and the equipment's state of maturity. Once the
specification is developed, an F3 procurement could proceed here as well, and
modification wnould become a relatively simple and straightforward process.

5.2.6 Sources and Selection

A novel idea can be applied to F3 procurements to cause them to create
a win-win situation for both the USAF and the contractor, and to assuage the
major concern of the logistics community with respect to the F3 concept:
spares proliferation. As shown in Figure 5-2, several competitors involved
in developing the F3 specification would be expected to bid on the procurement.
Since he knows that this is an update program, and he can easily calculate the
market size, each competitor should be motivated to build the best, most
competitive product in an attempt to be the single source selected. To
ensure that the source selection process does select the best source, only a
small increment of the total buy is procured initially to verify the equip-
ment's performance. If the product proves itself in operational conditions,
the balance of the procurement is bought. In this manner, the USAF assures
itself of a good buy and a single spares-set logistics scenario. If the
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initial source selection proves to be bad, however, other sources are wait-
ing in the wings, and the USAF has the opportunity to rectify its earlier
mistake. True, there are losses on the initial procurement, but, considering
the alternative, the losses are minimized, and the users do not have to
settle for poor performance. At this point, additional units can be bought
as GFE; these could now qualify as F? GFE, built to PME standards, for

other new aircraft coming along.

5.3 SUMMARY

In summary, the introduction of a new PME standard will require institu-
tional, as well as technical innovations. A comprehensive concept can be
implemented in new aircraft designs; retrofit applications must be considered
on an LRU-by-LRU installation basis for the older aircraft. An approach ‘ {
which permits both F2 and F? standardization is attractive from a force-wide '
application standpoint. One approach has iren developed in this chapter to
demonstrate the pervasiveness of the elements to be considered in implementa-
tion of a PME standard. This approach would require further development;
it should be evaluated against alternative approaches found acceptable to
the affected organizations in AFSC and AFLC. Steps required to develop
both the technical and institutional procedures are outlined in Chapter Six.
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CHAPTER SIX

DEVELOPMENT PLAN FOR THE PME STANDARD

6.1 INTRODUCTION

6.1.1 Approach

This plan was prepared in response to Task 3 of the Statement of Work,
which requires the development of a plan by which the USAF can pursue PME
standardization activities. The plan describes the analyses, investigations,
and other major tasks needed for the development and implementation of a
USAF PME standard.

ARINC Research used the following source materials to develop this
plan:
* Procedures for establishing military standards (DoD 4120.3-M)

* Reports of activities leading to the commercial PME standard
(ARINC 600)

* Proceedings of the 1978 and 1979 Avionics Planning Conferences,
which provided recommended road maps for PME interface standardiza-
tion.

* Discussions with affected central organizations

* Results of preliminary PME studies as reported in this document

Our approach to the presentation of this plan is to format it as a
management~oriented chapter that could be converted readily into a USAF

implementation tool after review and comment. Accordingly, there is some
redundancy with material presented in other sections of the report.

6.1.2 USAF PME Standardization Road Map

USAF PME standardization initiatives were begun at the 1978 Avionics
Planning Conference, which reviewed opportunities available to the USAF for
standardization in avionics development and aircraft installations. It
identified a standard for avionics PME interfaces as a premier opportunity.
The 1979 Conference participants reaffirmed this conclusion and recommended
two further considerations: a possible near-term environmental standard for
aircraft systems application, and coordination with the Navy and Army on
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future PME standards for possible DoD-wide use. The road map of activities

developed by the conference participants provides the overall basis for this
development plan.

The current road map for PME standardization is contained in the January
1980 Armament and Avionics Planning Guidance document, which is being routed
for coordination within the USAF. The rocad map is reproduced in Figure 6-1.
The associated descriptions of nodal points are shown in Table 6-1. As
indicated at the starting point of the road map, most existing USAF avionics
Line Replaceable Units (LRUs) are packaged and mounted in unique form factors
dictated by the first application. Their cooling provisions are often not
adequately matched with the aircraft environmental control system. The
unique features of each ecuipment have resulted in the proliferation of hard-
ware. Because LRU packaging, mounting, and environment standards are not
available, interchangeability of avionics equipments between aircraft models
is extremely limited. The introduction of new technology is impeded in many
cases because of the time required to develop and package a new concept for
retrofit in military aircraft.

The overall objectives of PME standardization, as shown on the right-
hand side of the road map, are as follows:

1. Promote Competition - Standardized interfaces promote competition
and the development of multiple vendor sources because the market
is larger and easier to assess.

2. Improve Cooling and Reliability - Thermal management is a key
determinant of reliability. The use of a proven thermal interface
with specified flow rates and temperatures can improve reliability
and reduce maintenance costs.

3. Promote LRU Interchangeability -~ Electrical, environmental, and
mechanical interchangeability of LRUs reduces spares sufficiency
levels and increases aircraft availability. It also promotes
competition by providing several sources of essentially identical
equipments.

4. Improve Maintainability - More orderly arrangement of avionics
in the equipment bays permits easier access and swap-out of
avionics for on-equipment maintenance. Training and procedures
become standardized.

5. Facilitate Retrofit - Interchangeability eliminates the need to
modify the aircraft racks or wiring to introduce new technology or
an updated product. The interfaces maintain their integrity
regardless of different manufacturers' technology, mechanization,
Oor processes.

6. Reduce Cost - All of the above goals combine to promote overall
cost reduction in development, acquisition, installation, and 0&S.

Three primary paths are shown on the road map:
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Path I -~ This path continues the current approach, which provides
very limited interface standardization. There are some design
standards, such as MIL-E-5400 and MIL-STD-1553, that are generally
imposed on new equipment developments. These promote standardization
of certain mechanical and electrical aspects of the equipments, but

they are not consistently applied and do not achieve the goals stated
on the road map.

Path II - This path develops an environmental standard for use in
military aircraft. There are two options: to impose such a standard
for new aircraft only or for all cases when major installations

of avionics are made. This path serves only goals 2, 4, and 6.

Path II1 - This path develops a new PME standard for military air-
craft -~ either an adaptation of the commercial standard or a
completely new concept that meetes all goals on the road map.

The shaded area of the road map indicates the progress made along each
of these paths. 1In this form of road map, it is possible to proceed in
parallel along multiple paths because they are complementary in purpose. A
time scale is not shown on the road map, but standardization activities may
be divided into three phases. The initial phase consists of studies to deter-
mine the preliminary cost-~benefit relationships of PME standardization and
define alternative concepts for the standards. These studies are shown as
completed, leading to decision node "C." The USAF will decide on continuation
with the PME standardization efforts on the basis of these preliminary studies,
which include:

* First-order cost-benefit analysis of the USAF PME standards

Initial industry survey concerning the feasibility, applicability,
and expected problem areas in USAF PME standardization

Generic areas of differences between commercial and military
standards

The next phase involves efforts to determine the best approach to
achieving standardization. These efforts may involve industry R&D support
in developing and validating new concepts of technology to supplement USAF
studies. The USAF may also decide to coordinate the developed PME standard
with the Navy and Army for possible DoD-wide application.

The final phase is implementation of the standard.

The results of the preliminary studies, which are presented in other
chapters of this report, lead to three conclusions concerning continuation
with the PME standardization efforts:

PME standardization appears to be a viable concept for the USAF on
the basis of predicted cost-benefit relationships, expecially in
the area of new-aircraft installations.

6-6
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* The PME standard shouid include more than just thermal considera-
tions; to achieve significant savings, form-fit (F2) or form-fit-
function (F3) standardization should be implemented, with provisions
to incorporate environmental standards where judged appropriate.

* The USAF PME standard possibly could be based on the ARINC 600 con-
cepts; possibilities include designing the standard to accommodate
cross-fit standardization with commercial equipments or using
ARINC 600 directly to supplement a USAF-unique standard.

The first two conclusions reflect the results of a first-order cost-benefit
analysis of applying a new USAF PME standard versus the current practice of
using non-standardized PME. The analysis projected significant potential
avionics life-cycle-cost saving for avionics applications in new aircraft.
The third conclusion reflects the results of our industry survey on USAF

PME standardization; the participants were in agreement, for the most part,
that USAF PME standardization should be based on the ARINC 600 concept, with
essential military requirements added and necessary exceptions made.

In summary, the development of a new USAF PME standard should follow
the PME standardization road map depicted in Figure 6-1.

6.1.3 Commercial PME Standardization and the Open~Forum Process

The history of the commercial development of PME standards suggests
that successful development of the USAF PME standard and its acceptance
will depend greatly on the open-forum process. This process was used by
the commercial airlines industry to develop ARINC 600, which is the commercial
PME standard. There was no formal cost trade-off analysis performed in this
development. Rather, the open forum was used to provide an arena for a full
ané free exchange of ideas and technical expertise among aircraft manufac-
turers and vendors so that they could better understand users' needs and
the users could better relate trade-offs between capabilities and costs.
Participants in the open forum negotiated mutually beneficial common factors
and specifications, from which the standard evolved.

ARINC 600 was developed for implementation on new commercial alrcraft
construction (e.g., the Boeing 757, 767, and 777 series). It reflects a
sharp departure from the older ARINC 404 concepts; there is very little
backward compatibility with older commercial standards. It may be inferred
that the USAF will be led to this same approach. The attractive features
of new technology ~- low or zero insertion force connectors, improved
cooling standards, etc. -- are difficult to introduce in an evolutionary
manner. The military standard should seck the best approach for future
aircraft, then find ways for accommodating retrofit applications where it
proves beneficial.

6.2 TASK OVERVIEW

This section addresses in detail the activitices required to develop and
implemrnt a USAF PME standard if a favorable decision is rendered at nodal
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point "C." We have introduced steps indicated by our analysis or by
precedents established during the development of ARINC 600.

Figure 6-2 depicts the evolution of the USAF PME standard in four
phases.

Phase I, which consists of conducting preliminary studies, is now
completed.

Phase I1 1involves developing a series of requirements, applications,
and architectur il analyses to initiate the open-forum process in an effec-
tive manner. The analyses, to be conducted prior to the first open forum,
provide initial data and identification of the issues that must be reconciled
about PME standardization. Requirements and application analyses address:

* Potential PME interface parameters and associated quantitative
values to be standardized

* Specific application of PME standardization to post-1985 aircraft
installations and potential application for retrofit

Architectural analysis is needed to provide strawman versions of PME stan-
dards to be used as the baselines for military and industry participation in
open-forum resolution of differences.

Phase III begins when open-forum activities are undertaken. The early
open forums would provide agreement on the structure and quantitative values
to be assigned to the standard specifications and on the number and form of
USAF PME standard documents needed to be issued.

In conjunction with the open-forum process, USAF or industry development
and validation efforts on the equipment itself would continue. To assure
broad technical and market acceptability, the open-forum membership would
review and comment on all technical contributions to PME standard specifica-
tions before the specifications took final form. It will be necessary to
obtain formal USAF coordination and approval of USAF PME standards that could
result from the open-fovrum process. MIL-STD-962 and DoD 4120.3-M provide
instructions on how to do this.

Implementation of the USAF PME standard would begin in Phase IV with
the establishment of a control agency to monitor the implementation and
actively participate in it as required.

The following sections describe Phases 1I, III1, and IV in task-orientaed
statements. A schedule for implementation of these activities is presented
at the end of the discussion.
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6.3 PME STANDARDIZATION ACTIVITIES

A proposed schedule of PME standardization activities is shown in
Figure 6-3. This schedule was formulated with the objective of implementing
a military PME standard in time to influence avionics retrofits occurring
after 1985. Considering production lead times and procurement delays,
this suggests that the testing and certification of selected equipments must

be commenced by 1983. The following subsections provide details on each of
the proposed activities.

6.3.1 Task 1 - Development of Implementation Concepts

This task defines the applications and management concept for implement-
ing a PME standard. Two broad subtasks are envisioned.

6.3.1.1 Subtask 1.1 - Aircraft Applications Analysis

Official USAF projections of new aircraft construction or major
retrofit programs should be reviewed to determine by category of system
(e.g., radar altimeter, INS, etc.) the total market size for new rack-
mounted avionics in the 1985-2000 period. Within each of these categories,
the proportion to be installed within each class of aircraft should be deter-
mined. The objective of this subtask is to determine the overall sizing and
performance drivers for future PME standards and the extent to which retrofit
applications should be considered.

The data should be summarized by type of aircraft and class of avionics
systems (e.g., INS, Transponder, GPS, MLS, etc.), and a screening process
performed to determine those avionics and aircraft that may be appropriate
for USAF PME standardization and those that should be exempted from it.
Qualitative and quantitative criteria (technical, economical, and operational
factors) that govern the appropriateness of either an aircraft type or

avionics class should be used in the screening process. Examples of these
factors include:

* Technological maturity of avionics

* Commonality of avionics across aircraft installations

* Unique operational requirements of aircraft or avionics
* Total number of avionics needed in or projected for the

USAF inventory

6.3.1.2 Subtask 1.2 - Development of Management Approach

This subtask develops, for USAF coordination and approval, an overall l
management approach for the implementation and enforcement of the selected
standards. The approach should consider:

* The roles of AFSC and AFLC in implementation and control ' l

* Extent of participation by industry

|
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Partial versus full implementation approaches

. Procurement mechanisms

The results of the analysis should be presented in Program Management
Plan (PMP) format. Included in the plan should be estimates of the total
in-house resources required to develop the PME standard, the funding
budgetaries, appropriate funding elements, and detailed schedules.

6.3.2 Task 2 - Development of "Strawman" PME Standards

The purpose of this task is to develop the initial "strawman" standards
for consideration by the USAF and industry technical community. Following
the guidance provided by the PME standardization road map, two parallel, but
related, investigations are indicated: an electrical and mechanical common-
ality analysis and the development of alternate cooling concepts.

6.3.2.1 Subtask 2.1 - Development of Electrical,Mechanical Commonality
Concepts

The preliminary results of the aircraft applications analysis conducted
in Task 1.1 should be used to determine the extent of electrical and mechan-
ical commonality to be addressed by the PME standard.

Candidate avionics for each candidate aircraft should be surveyed to
identify a baseline of potential interface parameters, the permissible
numerical limits of each parameter, and the parameters that are applicable

to multiple installations. The following arc examples of interface
parameters:

LRU case sizes
Electrical connector types

Signal formats {(digital, analog, etc.)

Power requirements

Vibration, shock, and acceleration values

6.3.2.2 Subtask 2.2 - Development of Cooling Approaches

The results of ongoing studies on cooling techniques conducted in-house
by the military and in contractually sponsored efforts (such as the Boeing
B~1 cooling studies) should be examined for application to the candidate
aircraft/avionics groups. This effort should consider (a) the direct appli-
cation of the methods employed for ARINC 600, (b) advanced conduction methods,
and (c¢) the impact of employing avionics designed to improve thermal environ-
ments in aircraft on other forms of environmental control systems.

6.3.2.3 Subtask 2.3 - Development of "Strawman'" Approaches

"Strawman" approaches that address the range of interface requirements
identified in Subtasks 2.1 and 2.2 should be developed.
should include:

These approaches
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* USAF PME standard designed to interface with commercial standards
(ARINC 600)

* USAF unique standards such as the following:
o PME standard common to all USAF aircraft
.. PME standards applicable to specific classes of aircraft
oo Avionics environment standard

ve Avionics common power standard

To whatever extent possible, approaches should be considered that
permit both full implementation (e.g., for new aircraft or complete avionics
swap-outs) and partial implementation (e.g., for retrofit purpcses).

Technical issues and problems concerning the development and applica-
tion of the USAF PME standard that are to be resolved by open-forum
discussion should be identified. Major USAF organizations and manufacturers
of avionics systems and aircraft should be surveyed for relevant information
and viewpoints. Wherever possible, information from Navy, Army, and
civilian organizations involved with avionics installations should be
obtained. Major areas for consideration include:

* State-of-the-art technologies (post-1985) that will drive design
of PME interfaces

¢ Market factors -- number of suppliers, etc.

* Operational constraints

* Impact of aircraft system configuration management

* Logistics support

Possible approaches to resolving the issues and problems identified
should be summarized. An outline of the key issues, problems, and possible
resolutions should be provided for USAF use in planning and preparing the

agenda for each open-forum meeting. The outline should also be given to
the participants prior to each meeting.

6.3.3 Task 3 ~ Conduct of Open-Forum Meetings

This task involves wide participation of USAF organizations, other
interested government agencies, and avionics and aircraft manufacturers
in the refinement of the "strawman" PME standards.

6.3.3.1 Subtask 3.1 - Development of Agenda, Issues, etc.

Prior to the scheduling of the open-forum meetings, agenda, issues,
and procedures should be established. A PME standing committec should be
established, with regular members from AFSC, AFLC, and using commands, to
oversee the implementation of the open-forum process. Participants and




their assigned functional responsibilities in the committee should be
defined. The guidelines in the Federal Advisory Committee Act (PL92-463,
October 6, 1972) should be referred to in regard to this task.

The standing committee's responsibilities will include the following:

Careful preparation of gquidance instructions and correspondence so

that all participants will clearly understand USAF intent, goals,
and expected participation.

Prior study and analysis to identify viable approaches and
alternatives to the problems that have been identified before an
open-forum meeting is convened.

Allowance of sufficient time in the open-forum process for the
evolution of an effective standard that is acceptable to all
concerned.

Performance of necessary trade-offs and analyses to determine the
most economical form of PME standard.

6.3.3.2 Subtask 3.2 - Issue of Updates to the PME Standard

As soon as possible after each open-forum meeting is concluded, the
changes to the standard suggested by the forum participants should be
incorporated and the standard re-issued. Each change should be accompanied
by a commentary that explains the reasons for its adoption. At least two
months should be scheduled after re-issue of the specifications to permit

the participating commands to analyze the impact of the changes on their
requirements.

6.3.3.3 Subtask 3.3 - Conduct of Meetings

We expect that at least three meetings will be required to converge
upon an acceptable standard -- more may be required. These meetings should
be conducted with rigorous attention to agenda and purpose.

6.3.4 Task 4 - Development of Cost/Performance Trade-Offs

Dring the open-forum meetings, there should be continuing evaluations
of the cost/performance impacts of the changes suggested by the participants.
The exact nature of the trade-offs are difficult to forecast but it is likely
that they will concern, at least, the following matters:

Avionics acquisition, modification/integration, and support
costs
* Mechanical interface requirements

Avionics repackaging, redesign of aircraft mounting racks
and environmental control systems

* Reliability and maintainability

* Mission capabilities
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6.3.5 Task 5 - Implementation of the PME Standard

The PME standard developed by the preceding tasks is formalized as
an approved USAF and/or DoD-wide Standard by this task.

6.3.5.1 Subtask 5.1 - Establishment cf Control Agency

An agency should be designated to control the PME standard within
the USAF and in other military services if applicable. Possible candidates
include ASD/AEA, ASD/XRE, ASD/ENE, or the DAC.

6.3.5.2 Subtask 5.2 - Coordination and Approval of the PME Standard

Should the USAF decide to coordinate the PME standard with the Navy
and Army for possible DoD-wide application, a minimum of four months
will be required for a MIL-STD to be coordinated and approved. This
assumes that all reviewers have participated throughout most of the
development of the draft PME standard and have concurred with the draft
by consensus agreement during the open-forum meetings. The process, in
general, involves a 60-day review cycle for the preliminary draft standard,
followed by another 60-day cycle to resolve comments and obtain coordinated
approval. Activities required are:

* Preparation of PME military standard in accordance with
MIL-STD-962

*+ Coordination of PME military standard for approval in
accordance with DoD 4120.3-M

¢ Resolution of open actions from the coordination cycle

6.3.5.3 Subtask 5.3 - Initial Procurement

Upon approval of the PME standard as cither a limited coordination
(Air Force) Military Standard or as a coordinated (DoD-wide) Military
Standard, the initial applications for it should be placed under jprocure-
ment. Initially, it is envisioned that these would be the repackaging of
existing equipments in accordance with the new Standard. This procurement
should be initiated well in advance of the aircraft installation time, so
that the SPO director can elect other options if testing or certification
is not completed in time to mesh with production schedules.

6.3.5.4 Subtask 5.4 - Testing and Certification

Testing and certification will occur upon delivery of the preproduc-
tion items. It is difficult to foreccast the amount of time required for
this process because the extent of interfaccs to be included in the PME
standard has not been determined.




{ 6.4 SUMMARY

) We believe that the success of USAF PME standardization will depend
on dedicated participation of USAF and industry personnel who are involved
in avionics development or aircraft installation. These people may require
assistance in understanding, planning with, and using the PME standard.
The promotion of commonality between the USAF and the airlines' standards

; could be mutually beneficial. Further, the military's use of commercial

i standards whenever possible, in lieu of developing new military standards,
¥ reflects support of DoD 4120.20 guidance.

The development of a USAF PME standard will take place over a period
f of about three years in four phases:

Phase 1 ~ Performance of preliminary studies to evaluate potential
: (1978 to USAF use of commercial avionics standards and determine
) present) the potential cost-benefit relationships associated with
the USAF's applying PME standardization to aircraft
installations
Phase II - Performance of a series of requirements and applications
(1980-1981) studies and analyses leading to strawman PME standards

i for the open-forum process.

Phase III ~ Development of the PME standard by the open-forum process.
Validating the PME standard and obtaining approval for it
as a MIL-STD.

Phase IV - Implementation of the PME standard.

~ Other inferences on the nature of the USAF PME standard and its imple-
mentation, which can be drawn from this plan and from the scenario examined
in the previous chapter are:

- Programs within the USAF, in other military services, and in indus-

try will contribute to the formulation of basic design requirements.
Study and planning will also be needed to provide design options
and data from which one or more "strawman" PME standards can be
developed. An AEEC-like open-forum procedure, involving represent-
atives of the military developer, user, and logistics agencies and

~ aircraft and avionics manufacturers, is seen as the most effective
way to produce a well balanced avionics standard and to obtain all-
around support for its application.

« Some of the aspects of PME standardization can be implemented pro-
gressively. For example, a common power standard could be applied ;
to the electric power supply of the next new aircraft program; exist-
ing confiqgurations of environmental control systems could be upgraded
to meet an improved cooling standard. Other aspects of PME stan-
dardization need cauticus planning so that they do not conflict with
technology growth (e.g., in aircraft confiquration, environmental
support techniques, and aviorics component and device integration)
or with possible subsequent higher levels of standardization.
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While the use of a PME standard generates its own advantages, expand-
ing the concept from one of form, fit (F?), and environment to one of
form, fit, function (F’), and environment raises the likelihood of
future functional standardization, which has been widely discussed

but only occasionally implemented in the Air Force. The benefits
achieved through the combination of box and functional standardiza-

tion are synergistic: the user and the supplier enjoy continuing
competition, interchangeability, maturity, and ease of modification, -
and also work within the framework of a well established, recognized,

and accepted discipline that encourages its own use.

PME standardization can be applied to any class of avionics as a
box standard. Functional standardization should probably be added
only for common and mature avionics functions -- mission avionics
should be considered, at best, only if they have reached an eguiv-
alent stage of maturity. 1In short, F’ can be applied to most
avionics; F? probably should be limited to common avionics and per-
haps the less complex mission avionics functions. The following

is a possible sequence of events:

*s An initial "strawman" PME standard could address box size, cool-
ing interface, rack-mounting arrangements, and connector con-
figuration; it should be adaptable to all "avionics bay" LRU
applications.

e+ Individual functional standardization planning could follow fcr
mature avionics subsystems: this would lead to "“strawman"
standards for "form, fit, and function" specifications appli-
cable to future Air Force procurements with standardized
interwiring.

** As digital data bus standardization becomes more widespread,
standard interwiring constraints will become less burdensome
and an increasing proportion of avionics LRU specifications
could well be upgraded from an F' conte .t to an F' content.

While PME standardization techniques are appropriate for all USAF
aircraft, the idea of undertaking an entire avionics-system over-
haul to incorporate new avionics standards in existing ailrcraft
does not appear reasonable. llowever, when entirely now avionics
suites are being considered for retrofit, as in the case of the
B-52, F-4G, etc., there may well be merit to a wholesale incorpora-
tion of the new standards. This would need to be evaluated on an
aircraft-by-aircraft basis aftcr basic PME acquisition and installa-
tion cost factors have been ascertained. On new aircraft, the
incorporation of a PME standard would be an intearal part of the
design process; this appears tc be the most rcasonable place to
initiate the concept.
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CHAPTER SEVEN

i CONCLUSIONS

This chapter summarizes our conclusions in each of the arecas addressed
: in the study. We have organized these conclusions into five arecas, corre-
) sponding to the emphasis areas delinecated in the Statement of Work: (1) A
comparison of military and airlines standards, (2) potential use of commer-
cial avionics, (3) cost-benefit reclationships associated with the PME stan-
dard, (4) examination of selected technical aspects of the PME standard,
and (5) an implementation plan.

7.1 COMPARISON OF MILITARY AND AIRLINES STANDARDS

Because of their different origins and objectives, there is consider-
able divergence between the standards and specifications that govern USAF
avionics procurement and those that serve a parallel function for civil
aviation ~- FAA, RTCA, and ICAO porformance standards and commercial airlines

‘ (ARINC) form, fit, function (F3) standardization characteristics. We con-
' cluded that these fall into three gencric classifications:

* Physical and Poerformance Diffoercnces - Airlines units may be too
big for space-nremium USAF aircraft, may not withstand the physical
environment of these aircraft, or may not provide th- performance
characteristics required by thesc aircraft. In some cases, accommo-
dations may be made, but generally this class of differernces dis-
suades the use of commercial cquipments.

« Electrical and Mechanical Intcrface Differences - These oncompass
differences in connectors, data formats, cooling-air needs, cote.,
~ which result from differences in military and commercial jpractices.

Minor modifications or waiver of military requirements can make
commercial avionics acceptable for military usc. Nine specific
areas of waiver or exemption are identifi.sd in Chay ter Two.

« Procurement Documentation Diffcrenc..s - ARINC Characteristics spoecify

form, fit, and function (F3) intcrfaces and do not detail design
features or specify piece-jarts and jprocesses, MIL Siecifications
detail design and construction as well as performance roegquired.
Also, dif ferences occur in apt lication of quality coftrol, vendor
participation, and acquisition practices. These differences do not

affect the functional adequacy of commercial ~puipmonts, but they
do raise concerns in military acquisition and logistics circles.
7-1
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7.2 POTENTIAL USE OF COMMERCIAL AVIONICS

Commercial airlines flight-essential avionics are designed, manufac-
tured, tested, and certified to a well defined and documented set of stan-
dards, which correlate qualitatively, and sometimes quantitatively, with
equivalent military specifications and standards. The key specification
that has been in use in the commercial airlines ‘since 1956 is ARINC Speci-
fication 404: Air Transport Equipment Boxes and Racking. Avionics equip-
ments defined by current ARINC Characteristics (the "3500 series') comply
with ARINC 404A and provide a high degree of interchangeability between
like units supplied by different avionics manufacturers. The airlines have
developed and implemented a new-gcneration racking specification -- ARINC
Specification 600. The principal advance of ARINC 600 over ARINC 404A is
in its ensuring the availability of improved cooling by limiting the avionics
thermal dissipation according to the LRU case size and by requiring ade-
quate quantities of clean cooling air to be furnished to it. Other changes
redefine the allowed avionics case sizcs and introduce a new style "low
insertion force" rear connector and revised box hold-down arrangements.
Avionics equipments conforming to ARINC 600 arc defined by ARINC Character-
istics in the "700 series."™ The ARINC 700 series Characteristics also
standardize data input and output to the digital formats of ARINC Specifi-
cation 429, Digital Information Transfer System (DITS) and, where appropri-
ate, to ARINC Specification 453, Very High Specd Data Bus. On the basis
of our review of selected commercial standards and thelir applications to
specified USAF aircraft, we make the following conclusions:

* Existing commercial avionics are broadly aji.licable to use in mili-
tary transport aircraft; only relatively simle racking and inter-
face changes are requirced in aircraft not originally designed for
commercial avionics.

* Existing commercial avionics can b usod in bombers and other penc-
tration aircraft if racking and int.rface modifications are made
in the aircraft and if the alrcraft and’/or avionics are modified
to provide required interface: witi mission cguipment, to prevent
EMI, and to provide for EMP and nuclear hardening

* Existing commercial avionics woteerally will not be applicable to
high=-performance aircraft becauss of ace, cnvironment, or ber-
formance constraints; in some cases, how ver, availlable svace may
permit installation of scl.octed avioni s and necessary interfaces,

* Use of future commercial avionics will require aday tive work in
USAF aircraft. In addition, ioocause thery aceer t o only digital invuts
and provide only digital out;ut: (hoth to the ARINC 4290 format),
future commercial avionics will requir wlditional interface egulp-
ment to make them compatible witihi »xi1:ting analoa inpruts and/or

with the MIL-STD-1553 data bus.

* The cost-benefit relationshily s ascociated with the USAF's use of
commercial avionics are difficult to articula*ts.  The use of com-
mercial avionics can cilircumvent the development time and cost of
military procurement in circumstanc.s where military oguipment is
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not readily available. The acquisition cost of commercial avionics
is comparable to large~lot GFE procurements for similar functional
systems. The greater maturity and higher reliability in commercial
avionics, generally due to higher flying-~hour experience and con-
tinuing vendor involvement, tend to offset higher logistics cost
that may be introduced by non-standard parts. Each procurement
should continue to be evaiuated on a case-by-case basis.

7.3 COST-BENEFIT PME RELATIONSHIPS ASSOCIATED WITH THE STANDARD

The scenario that we used to perform the PME cost-bencfit analysis
included a mix of three types of aircraft that are currently in the USAF's
projected force structure: (1) high~performance tactical, (2) tactical
attack/observation, and (3) cargo/transport; it also included two groupings
of appropriate avionics: (1) common equipments and (2) mission equipments.
This subset of the force is proportionally represcntative of the total USAF
current inventory (60 percent of the aircraft arc of the one- or two seater
type). If all applications were included in the analysis, larger returns
in the aggregate might be shown. Howcver, it was not possible to determine
realistically the extent to which the PME standardization alternatives
mignt be implemented in an existing aircraft architeccture, because such
modifications are currently performed on an cyuirment-by-equipment basis.
Implementation of a PME standard would apjcar fcasible only if the modifi-
cations were grouped for major swap-outs, as 1is the case in the current
B-52 update program.

The following are key conclusions that provide good direction for
future work:

* Aircraft not yet designed appear to l»+ the Loest candidates for imple-
mentation of the USAF PME standard. For thoese aircraft, our anal-
ysis showed that economic advantages would accrue through the PME

standardization alternatives in the following order of merit: (1)
LRU standard, (2) rack/mounting/interface standard, (3) full PME
standard, (4) common power standard, and (5) cnvironmental standard.

Payback periods varied from 5 to 15 yvcars depending on investment
required and benefits gained.

¢ Fighter-type aircraft comprise the largest component of the USAF
projected force and the largest component of the representative
force addressed in this analysis. Even small cost payback changes
assoclated with this class of aircraft will derive large changes
in total USAF avionics life-cycle cost.

* Radar, weapon-delivery, and clectronic-warfare avionics costs dom-
inate the avionics suite LCC and, consequently, have tho biggest
potential quantitative payback for PME standardization.
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{ * The "common" group of avionics, which is the most amenable to the
. use of commercial or similar standards, represents only a minor
part of the total cost of the avionics for a combat aircraft; how-
ever, one must remember that operational benefits stem from any
availability improvements in flight essential functions.

- * Installation of new PME standard equipments (racks, mounting pro-
visions, connectors and cables, environmental control, etc.) in
. older éircraft would cost at least as much as installation in new
. : production-line aircraft, and most likely a great deal more. Any
*3 T saving attributable to upgrading older aircraft with PME standards
R would necessarily be less than that for new aircraft by the increased
cost of installation. Since the payback time would be longer,
F‘ k there would be less opportunity to secure the possible benefits
because of the age of the aircraft at the outset. If a PME stan-
dard is implemented, the value of installing PME equipments on
older aircraft would need to be evaluated by trade-off studies on

- a case-by-case basis as hard PME cost data were developed.

ra *+ Environmental improvement implemented in conjunction with PME stan-
2 dardization would have a much more significant payback potential

I

than environmental improvement implemented alone.

* The common power standard can be implemented on a stand-alone basis.
{ The implementation cost necessary to provide better regulation,
voltage spike protection, and outage prevention is much less than
that for the improved cooling system. Currently, this protection I
must be provided within each LRU. The payback starts by removing
this cost from the LRU {(acquisition saving) and continues with
improved reliability (0O&S saving).

. * The standardization choices arec not mutually exclusive; for cxample,
o~ continued use of commercial standards for transport-type aircraft
1 and adaptation of the ARINC standards for other applications could
be approached simultaneously; or an LRU packaging standard devecloped
initial®r could later be included as part of a full PME standard.

7.4 SELECTED TECHNICAL ASPECTS OF PME STANDARDIZATION

ARINC 500 and 700 series avionics cquipments have different degrees of

direct usability in USAF aircraft. Except where space, environment, or

- performance prohibit it, adaptability can be achieved through interface

‘ accommodation, waiver of standards, and changes in the procurement process.
These requirements oftcen cannot be accommodated within the authority of the
military procuring agency, with the result that frequently a decision s
made to pursue a military development. In many uses, this spawns another
new and individualistic picce of USAF equipment. A PME standard that has
attributes similar to ARINC standards can remove many of these superficial
obstacles to the use of commercial cquipments. Among the industry repre-
sentatives w2 surveyed, there is .« consensus that applving a USAF PME stan-
dard is a suitable way to gain many standardization lwnefits attributed to
commercial practices, cven if commercial avienics themselves are not employed.
This notion complements the current USAF standardization thrust, by providing St
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cross-system benefits of standardization as well as those gained by the GFE
approach. The PME concept can extend from standard boxes, racks, plugs,
wiring, test equipment, installation design, and modification process to
power sources, environmental control sources, ducting, and porting. 1In

‘ addition, it introduces a high potential for commonality in many other
aspects across multiple platforms.

- We make the following specific conclusions:

Sizing is the main point of contention associated with a PME stan-
dard. ARINC 404A and 600 standards are considered '"frequently too
large," especially for space~constrained fighter-type aircraft.
Sizing in a PME standard should accommodate generalized USAF needs;
while a single standard would be preferable, multiple standards may
be necessary to serva the full range of USAF needs economically.
Perhaps some combination(s) of USAF and commecrcial sizing would be
possible, to permit cross-fit of equipments. The order of priority
in size concerns appears to be: first, heicht; second, length.
Width is not mentioned as a concern.

The next most severe contention centers around environmental control,
which would require design to maximize long-term benefit:s of current
and future techniques. If designed and implemented carefully, an
environmental standard could benefit not only the prime users (such
as the F-16 and F-111) but also thosc¢ who would achieve environmen-
tal control as a bonus. While good environmental design parameters
certainly do not lower design and acquisition costs, they do provide
lower peak operating temperatures, which, in turn, reduce equipment
failure rates and hence operating and support cost.

** Convection cooling continues to scrve the commercial airlines
needs becausc of the availability of jpressurized and conditioned
cabin air and the acceptability of low-density avionics packag-
ing. Military aircraft desions, too, have continued to use con-
vection cooling for most avionics installations, in spite of
the performance shortcomings that occur under some military
operating conditions. At the same time, —scalating performance
requirements have forced avionics doesigners to achieve denser
component packaging, pushing the state of the art of high-
temperaturce electronic components.

** Alternative techniques for removing oxcesss heat from avionics
components have been amply demonstrated in mission-equipment
installations where forced-air cooling is not sufficiently
effective. Advanced cnvironmental studics are in brocess in
industry today; if the results arce available in time, they
descrve assessment before USAF cnvironmental standardization
features are settloed on.

Vibration standards and the qualification testirg relating to them
need to be raconsidercd in conjunction with jpot-ntial shock mounting
techniques. Vibration isolation for a complete avionics box-rack
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combination presents qualification-test problems; hard mounting is
preferable, but vibration test conditions appropriate to specific
aircraft and box locations should be specified. The current method
of generalizing requirements frequently leads to over-specifying
qualification tests and, consequently, the equipment itself. Bene-
fits could accrue from lower cost for production and gqualification
testing.

* Quality control requirements on piece-parts create cost escalation
for military equipments that is not necessarily incurred by commer-
cial counterparts. In the views of several avionics manufacturers,
however, the higher price of military quality control does not buy
better quality. Rather, MTBF guarantees can be used to provide a
positive incentive for a contractor to achieve proper design for

good performance. RIW also gives the manufacturer a continuing oppor-

tunity to improve equipment performance if he chooses to -- or needs to
~- to forestall an unacceptable deterioration in performance.

7.5 PME IMPLEMENTATION PLAN

An avionics standard for packaging, mounting, and environmental control
must be applicable to a wide variety of equipments and aircraft and accept-
able to the user and logistics communities. It must be managed according
to a concept that stimulates and facilitates its use, primarily in new air-
craft programs but also in major avionics modernization programs. Decisions
must be made concerning the "depth" of the standardization to be specified,
the form factors and interface paramcters that are to be preferred, and the
classes of aircraft to be involved. Wec conclude that the following specific
matters should be addressed:

* Programs within the USAF, in other military services, and in indus-
try will contribute to the formulation of basic design requircments.
Study and planning will also be needed to provide design options
and data from which one or more “"strawman" PME standards can be
developed. An AEEC-like open-forum procedure, involving represent-
atives of the military developcr, user, logistics agencies, and
aircraft and avionics manufacturcrs, is secen as the most effec-
tive way to produce a well balanced avionics standard and obtain all-
around support for its application.

* Some of the aspects of PME standardization can be implemented ypro-
gressively. For examplce, a common power standard could be applied
to the electric power supply of the next new aircraft program; exist-
ing configurations of ecnvironmental control systems could be upgraded
to meet an improved cooling standard. Otnher aspects of PME stan-
dardization need cautious planning so that they do not conflict with
technology growth (c.g., in aircraft configuration, environmental
support techniques, and avionics componcent and device integration)
or with possible subscquent higher levels of standardization.

* While the use of a PME standard generates its own advantages, expand-
ing the concept from one of form, fit (F2), and cnvironment to one
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of form, fit, function (F3), and environment raises the likelihood
of future functional standardization, which has been widely dis-
cussed but only occasionally implemented in the Air Force. The
benefits achieved through the combination of box and functional
standardization are synergistic: the user and the supplier enjoy
continuing competition, interchangeability, maturity, and ease of
modification, and also work within the framework of a well estab-
lished, recognized, and accepted discipline that encourages its
own use.

PME standardization can be applied to any class of avionics as a
box standard. Function standardization should jprobably be added
only for common and maturc evionics functions -- mission avionics
should be considered, at best, only if they have reached an equiv~-
alent stage of maturity. In short, F? can be applied to most
avionics; F3 probably should bc limited to common avionics and per-
haps the less complex mission avionics functions. The following

is a possible sequence of events:

e+ An initial "strawman" PME standard could address box size, cool-
ing interface, rack-mounting arrangements, and connector con-
figuration; it should be adaptable to all "avionics bay" LRU
applications.

s Individual functional standardization planning could follow for
mature avionics subsystems; this would lead to "strawman'
standards for "form, fit, and function" specifications appli=-
cable to future Air Force procurements with standardized
interwiring.

** As digital data bus standardization becomes morc widespread,
standard interwiring constraints will become less burdensome
and an increasing proportion of avionics LRU specifications
could well be upgraded from an FZ content to an F3 content.

While PME standardization technigues are arvropriate for all USAF
aircraft, the idca of undertaking an entire avionics-system over-
haul to incorporatc ncw avionics standards in existing aircraft
does not appear rcasonable. Howiwver, when ontirely new avionics
suites are being considerrd for retrofit, as in the case of the
B-52, F-4G, ctc., there mavy well b merit to a wholesale incorpora-
tion of the new standards. This would nced to be evaluated on an
aircraft-by-aircraft basis after basic PME acquisition and instal-
lation cost factors have been ascertained. 0On now ailrcraft, the
incorporation of a PME standard would be an integral part of the
design process; this appears to be the most reasonable nlace to
initiate the concent.
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- RECOMMENDATIONS

a o ————— e

- Commercial airlines standard avionics, existing and future, have valid
sy applicability to USAF aircraft. We make the following recommendations for
pursuing this course:

co * Procedural restraints and maintenance concepts should be reevaluated
1 and restructured to encourage the use of these equipments wherever
this course is technically and economically valid; appropriate revi-
sions should be made to MIL-Standard directives.

f * Standardized approaches to solving typical integration difficulties
should be developed.

k * Volumetric and environmental criteria should be established to give
general guidance on the applicability to high-performance space-
premium aircraft.

* Ultimately, each aircraft program decision should be the result of
N . an individual trade-off evaluation of its common-avionics needs
interfaces, and cost constraints.

3 * While pursuing the development of its own PME standard, the USAF should

! undertake actions to foster grecater commonality in avionics systems;
these could include the sponsorship of a MIL-SPEC for the ARINC 600
low-insertion-force connector and mutual cooperation in the develop-
ment of concepts for fiber optics data busses and software standards.

—

The following specific actions are rcecommended for establishing the
USAF PME standard:

Y

: * Official USAF projections of new aircraft contruction and maijor
retrofit programs should be reviewed to determine the total market
size for new rack-mounted avionics in the 1985 to 1995 poriod.

The avionics should be categorized by type of system (radar altim-
eter, INS, etc.), and within cach catcgory the proportion to be

i installed within each class of aircraft should be determined. This

i process will identify the l0-year cquipment universe and : rformance

drivers for the PME standard and the extent to which retrofit appli-

cations should be considerced.
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An overall management approach for the implementation and enforce-
ment of the selected standard should be developed. The approach
should consider the following particulars:

«+ The roles of AFSC and AFLC in implementation and control
*+ The extent of participation by industry

«+ Partial versus full-up implementation approaches

*++ Procurement mechanisms

The initial "strawman" standards for consideration by the USAF and
industry technical community should be developed. Following the
quidance provided by the PME standardization road map, two parallel
but related tasks should be undertaken: an electrical and mechnical
commonality analysis and development of alternate cooling concepts.

Candidate avionics for each candidate aircraft should be surveyed
to develop a baseline of potential interface parameters, develop
the permissible numerical limits of each parameter, and identify
the parameters that are applicable to multiple installations.

The result of ongoing studies of cooling techniques conducted by

the military and in contractually sponsored efforts (such as the

Boeing B-1 cooling studies) should be examined for application to
the candidate aircraft/avionics groups.

Agenda, issues, and procedures should be established for the open-
forum meetings at which the USAF PME standard will be developed. A
PME standing committee should be established, with regular members
from AFSC, AFLC, and using commands, to oversce the implementation
of :he open-forum process. Participants and their assigned func-
tional responsibilities in the committe should be defined.

During the open-forum mcetings, there should be continuing evalua-
tions of the cost/performance impacts of the changcs suggested by
the participants. The exact nature of the trade-offs arce difficult
to forecast, but it is likely that they will concern, at least, the
following matters:

*+ Avionics acquisition, modification/integration, and support costs

*+ Avionics repackaging, redesign of aircraft mounting racks, etc.,
and environmental control svstems

«e Reliability and maintainability

es Mission capabilities
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APPENDIX A

ASD/XRE GUIDANCE

Information and guidance provided by the
of Avionics Planning, in identifying avionics
primary interest for analysis under Task 1 is

A-1

U.S. Air Force, Directorate
eauipment and functions of
reproduced in this appendix.




REPLY TO
ATTN OF:

SUBJECT:

TO:

DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AERONAUTICAL SYSTEMS DIVISION (AFSC!
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433

ASD/ XRE 2 790( 76

Standard Packaging, Mounting, and Cooling Baseline Study - Contract
No. F33657-79-C-0717

ARINC Research Corp. (Mr James Russell)
2551 Riva Road
Annapolis, MD 21401

The following information is provided to assist you in Task 3.1.2
of the subject contract:

a. HF Radio-

The study should examine the possible utilization of an ARINC
559A or ARINC 719 HF radio in the B-52, KC-135, C-5, F-111, and
FB-111. The radio would replace radios such as the ARC-65, ARC-58,
AT-440, ARC-123, or 618T. The study should examine the ARC-}XX
radio characteristics as defined by WR-ALC/MMIM. Military require-
ments which affect utilization of a commercial HF radio should be
identified.

Attachment 1 is descriptive information for the Collins
Model 728U radio which is being procured for the ARC-XXX (ARC-65
replacement). The WR-ALC specification for the ARC-XXX will be for-
warded to you as soon as received by this office.

b. Radar Altimeter-

The study should examine the possible utilization of an
ARINC 552A or ARINC 707 radar altimeter in the H-3, C-130, F-4 C/D/E,
F/FB-111, HO053, C-130 E/H, A-70, and C-141A. The altimeter would
replace altimeters such as the APN-150, APN-155, APN-167, APN-171,
APN-194, or AWLS. Military requirements which affect utilization of
a commercial radar altimeter should be identified.

It is expected that ARINC can use in-house data gathered
during the LARA/HARA specification formulation to examine the above
applications. In addition, Attachments 2, 3, and 4 provide USAF
comments to the ARINC LARA/HARA specifications which may be of use
to you during this study.

c. MWeather Radar-

The study should examine the possible utilization of an
ARINC 564 or ARINC 708 radar in the C-141, KC-10, C-5, C-130,
E-3A, and KC-135. The radar would replace radars such as the RDR-
1FB, AVQ-30X(X), APQ-122(V)5, or APN-59(E). Military requirements




which affect the utilization of a commercial radar should be

identified. 2
Contact Mr Robert Bellflower, WRALC/MMIRCR (telephone 912- -

926-5091) for specification data on the APN-~59(E) and RDR-IRB. 5

Attachment 5, CEI Specification CP 681895 for Radar Set APQ-122(V)5 ‘
which is representative of the weather radar in new production -
C-130 aircraft is provided. Attachment 6 AVQ-30X(X) specification ]
1712990 covering the weather radar being used in the E-3A including )
recent changes is also included. Attachment 7 covers additional

information on the modified Bendix RDR-1FB radar to be used in the

KC-10A. This data is preliminary since this is a contractor furnished .
item. Specification MIL-R-5582 covering the radar beacon function
of all weather radars is supplied as Attachment 8. "~

d. Crash Data Recorder-

The study should examine the possible utilization of an
ARINC 500-series or ARINC 700-series flight data recorder in the
c-5, c-9, vC-137, C-141, E-3A, and E-4.

e. Ground Proximity Warning System-

The study should examine the possible utilization of an
ARINC 594 or ARINC 723 GPWS in the C-5, C-141, T-43, and VC-140.

f. Air Data Computer-

The study should examine the possible utilization of a commercial
air data system to replace the air data computer function in the
E-3A, E-4, KC-10, and C-141.

g. Inertial Navigation System-

The study should examine the possible utilization of an
ARINC 561-11 or ARINC 704 INS in the A-10, F-16, F-111, F-4, and
AMST.

We have previously supplied you w1th the specification for
the Standard Medium Accuracy Navigation (F INS)}. This document should
be useful for comparing commercial requirements to military requirements.

— O - '//(

GERALD J. SCHOPF, Major, {ISAF 8 ATCH

Project Manager 1. Tech Data Sheet Collins 728U
Directorate of Avionics Planning Radio

ASD/EN AMD Memo 14 May 79

ASD/RA Ltr, 21 May 79

ASD/EN AMD Comments

Texas Instruments CEI Spec

RCA Avionic System Rpt AVQ-30X({X)
Memorandum, 20 Jun 79

Mil Spec MIL-R-5582, 19 Nov 48

Deputy for Development Planning

CoO~NOVO WM
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APPENDIX B

REVIEW OF MILITARY STANDARDS AND SPECIFICATIONS

AND ASD/EN STUDY INPUTS

This appendix provides a summary and cvaluation of the generic differ-
ences between the military and commercial standards and specifications per-
tinent to the USAF's use of commercial airlines standard avionics. The
following documents were listed in the Statement of Work as being of npri-

mary interest:

Document

MIL-B-5087
MIL-E-5400

MIL-E-6051
MIL-I-8500

MIL-STD-188
MIL~STD-454

MIL-STD-461
MIL-STD-471
MIL-STD-704

MIL-STD-810
MIL-STD-1553

RTCA DO-160

ARINC Report 423
ARINC Report 416

Title
Bonding, Electrical and Lighting Protection for
Aerospace Systems

Electronic Equipment, Aircraft, General Specifi-
cation for

Electromagnetic Compatibility Requirements, Systems

Physical Intcrchangeability and Replaccability of
Component Parts for Aircraft

Military Communication Standard

Standard General Requirements for Electronic
Equipment

Electromagnetic Interference Characteristics,
Requirements for Equipment

Maintainabilaity Verification, Demonstration, Eval-
uation

Electric Powcr, Alrcraft, Characteristics and
Utilization of

Environmental Test Methods

Aircraft Internal Time Division Command/Response
Multiplex Data Bus

Environmental Conditions and Test Procedures for ‘
Airborne El-ctronic/Electrical Equipment and
Instruments

Guidanc for the Design and Use of BITE

Abbreviat.d T st Languagce for Avionics System
(ATLAS)

B-1
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ARINC Report 413A Guidance for Aircraft Electrical Power Utilization
and Transient Prote¢ction

ARINC Specification 600 Air Transport Avionics Equipment Intcrfaces
ARINC Specification 429 Digital Information Transfer System
ARINC Specification 404A Air Transort Equipment Cases and Racking
Section 1 summarizes our review of the purjosc of the refrrenced MIL-
specifications and standards and the areas where they differ from commercial

practice. Table B-1 shows the functional correspondence between military
and civil requirements documents.

Table B~1. FUNCTINNAL CORRLSPONDENCE
BETWEEN MILITARY AND CIVIL
STANDARDS
Mili A ivi
Standard . J,lﬁar‘. C%Vl]
Speclfication Prguirement
Electrical bonding, lightning MIL-B-7187 FAZA, FAR 25,581
protector
General avionics specification | MIL-STD-5"4 -
MIL-E-"400
Communications Standard MIL-STD-~1~8 ICAO Annex 1y
FCC regqulations
Electromagnetic Interfercnce MIL-STD-461 FAA TSOs or
MIL=-STD=-462 RTCA DO-160
Digital Data Format/Bus MIL-STD-1553 ARINC-429 '}
ARINC-453 .
Environmental Testing MIT-STD-510 FAA TSOs or .
RTCS DO-160 }
Aircraft Electric Power MIL-STD-704 FAA TSOS or T
RT_A DO-160, -
ARINC 413A }
Form, Fit, and Function ~—- ARINC 4047 1
ARINC 600 -
Standard Interwiring -—— ARTNC U6 . I
(Rasie, Urdat d
byobulletin) 'j
Maintainability/Documentation MIL-STD-431 ATA, ATA-1 ) .

[ =]
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Sections 2 and 9 present comparisons between military and commercial
airlines avionics standards in the following arcas:

Section 2: Electromagnetic Compatibility Requirements
Section 3: Electrical Power Standards

Section 4: Environmental Requircments

Section 5: Bulilt-in-Test (BITL) Regqulrements

Section 6: H.F. Radio Requirements

Section 7: Inertial Navigation System Requlrements
Section 8: Weather Radar Requilrements

Section 9: Automatic Flight Control System Requirements

This material was provided for this study by ASD/EN staff.

1. ARINC RESEARCH'S REVIEW OF MILITARY STANDARD DOCUMENTS REFERENCED IN
THE STATEMENT OF WORK

MIL-B-5087B

Most of MIL-B-5087B is not applicable to avionics subsystems. 1t docos
require bonding of the enclosure of avionics LRUs to the airframe directly
rather than through connectors as is specificd in DO-160. bLonding strayps
to satisfy MIL-B-5087B could be added at the time of installation.

MIL-E-5400

MIL-E-5400 is the general specification for aircraft clectronic equijp-
ment. It is, essentially, a compilation of the military specifications
covering all aspects of designing and testing aircraft . lectronics. These
referenced specifications cover selection of materials, methods of fasten-~
ing, selection of piece parts, use of parts and matcrials from qualificd
sources, workmanship specifications, safety engincering specifications,
human engineering specifications, and all the other how-to-build-it guidance
normally imposed on manufacturcrs of military cquipment. None of this is
included in the airline form/fit/function cquipment standards. These must
be waived (or not referenced in the procurement documentation) if airlines
equipment is to be purchasecd.

MIL-E-6051
MIL-E-6051 is an electronic capability specification that concerns

overall systems; and it is concerned with the subsystem level only to the
extent of specifying subsystem-level documents.




MIL-I-8500

MIL-I-8500 specifies interchangeability and replaceability of compo-
nent parts of aerospace vehicles. None of the avionics equipment considered
in evaluating PME standardization are included in the list of controlled
items for which interchangeability is required by 3.3.1 of MIL-I-8500.

MIL-STD-188

MIL-STD-188 is the military communications standard and, among the
avionics classes considered for standardization, is applicable only to the
HF Radio. For this, the audio band pass, frequency range, channel spacing,
and side band selection shown in Subsection 2.4.2 of this report as required
for the ARC-XXX are requirements also of MIL-STD-188., No other requirements
of MIL-STD-188 are in conflict with the commercial avionics considered.

MIL-STD-454

MIL-STD-454 gives standard general requirements for electronic equip-
mer- and is one of the key specifications referenced by MIL-E-5400. Remarks
under MIL-E-5400 apply to MIL-STD-454.

MIL-STD-461

MIL-STD-461 establishes requirements for the electromagnetic inter-
ference characteristics of equipments. MIL-STD-462 specified methods of
testing to verify these characteristics. Differences between the require-
ments of RTCA DO-160, the applicable commercial standard, and the joint
requirements of MIL-STD-461 and MIL-STD-462 are primarily due to the greater
power output of some mission equipment as compared with commercial eguipment
in the same frequency range. Applicabillity of specific types of airlines
equipments designed to the less restrictive DO-160 requirements for use
in a specific aircraft will have to be considered on a case-by-case basis.
In general, where mission equipments do not impose additional restrictions,
commercial equipments are compatible with each other and a complete suite
of commercial avionics, as in the E-3, E-4A, and KC-10, does not produce
EMI problems. Where mission equipments cannot be interconnected with the
commercial equipments to provide blanking of rcceivers while interfering
transmitters are radiating, EMI may be a problem.

MIL-STD-471

MIL-STD-471 covers maintainability verification, demonstration, and
evaluation. It is equally applicable to cither commercial or military
avionics. Formal maintainability verification is not specificd for commer-
cial avionics, however, and no standard is available to be verified.

MIL-STD-704

MIL-STD-704 defines the permissible characteristics of ailrcraft primary
power supplies and, therefore, establishes the range of primary power
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characteristics with which military avionics equipments must be compatible.
In general, the similar commercial standard, ARINC 413A, is compatible
with MIL-STD-704; differences do not preclude use of airline avionics in
military aircraft.

MIL-STD-810

MIL-STD-810 specifies the environmental test methods to be used in demon-
strating the conformance of a military equipment with its environmental
specifications. RTCA-~DO-160 accomplishes the same purpose for airlines
equipment. Special thermal problems in military fighter aircraft will
require improved environmental control systems in those aircraft.

In evaluating the differences in vibration requirements petween mili-
tary and commercial equipments, it should be understood that MIL-STD-810
test levels are believed by many to be unrealistic when compared to levels
actually encountered by LRUs under operating conditions. According to this
belief, the levels may be realistic when applied to the mounting surfaces
in aircraft on which equipments are to be mounted. However, these surfaces
are usually of non-rigid sheet metal. At frequencies where the LRU reso-
nates, these non-rigid airframe structures do not couple the LRU to the
vibration source sufficiently to transmit the energy necessary to generate
the MIL-STD-810 levels. Consequently, the dwcll times at resonance, as
specified by MIL-STD-810, when rigidly coupled to a vibration table with
relatively unlimited power capability, can causc failures which do not
occur in operational use. Operational tests will be required to determine
if a particular commercial LRU will opcrate reliably in a particular loca-
tion in a particular aircraft, even though it is known that it cannot
pass some part of the MIL-STD-810 vibration test. The use of suitable
vibration mounts in locations known to produce high vibration stress will
increase greatly the probability of such reliable operation. A case in
point is the imported commercial video tape r..corder used in some configu-
rations of the F-16. It is only about two fcot from the gun muzzle and
failed immediately when hard mounted. Reliable operation was achiceved by
designing isolating mounts to suvpress the 100 Hz fundamental frequency of
vibration caused by gun firec.

MIL-STD-1553

MIL-STD-1553 defincs a digital lanauage, orerating rrotocol, and inter-
face characteristics for two-way time-division multijlex communication
between a bus controller and remote terminals via a multiplex data bus. It
is anticipated that this will become the USAF standard for data transfer
although no operational aircraft currently are completely compatible with
MIL-STD-1553. Currently, operational commercial avionlics with digital
inputs and/or outputs utilize a numbrr of difforent digital data transfer

standards. Future airlines avionics desianed to ARINC 700 sories ¢l arac=
teristics will accapt only digital invats and gonerate only diagital octputs
with either ARINC 422 (for data rat«s ur to o Kilobatc v r second) or
ARINC 453 (for data rates up to 1 megabidt or socond) Tita trancfeor speci-
fications. All of the ARINC standards use data form e i Yerent from
MIL-STD-1553. More importantly, the oreratine cr o0« 0 ani 0 s hilosoyhy
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behind it are radically different from MIL-STD-1553. MIL-STD-1553 uses a
single multiplex data bus operated at 1 megabit per second under control
of a bus controller to provide 2-way communication between the controller
and connected remote terminals and (when so orderd by the controller)
between remote terminals. Two or more controller/data bus systems may be
used for redundancy or for increased capacity. All transmissions by remote
terminals are in response to controller commands. Data sources connected
to remote terminals must have a buffer storage to hold data (either inter-
nally or in the remote terminal) until each is polled by the controller.
MIL-STD-1553A provides a 5-bit mode-control field internal to the command
word may be used by a remote terminal to direct data to up to 31 connected !
subsystems. The code 00000 is reserved for special purpose. Any data v
required by more than one remote t. rminal must be repeated with a different

address each transmission. Any message required by more than one subsystem M
connected to a remote terminal can be distributed by the remote terminal f
outside the 1553 system if the terminal is so designed and if terminal T
software or hardware is provided to implement this function. -

It is relatively easy to provide =» modified printed circuit card in -
avionics units nor using the MIL-STD-.553 format to translate that unit's i

data into the 1553 format; but the ARINC standards also require a one-way
dedicated data bus connecting each data source with the data sinks which
utilize its data. The source transmits data, labeled to show the data func-
tion at time under its internal control without the need for buffer storage. -
Data storage, the ability to read and respond to bus controller commands,
and the ability to strip function labels and replace them with addresses
(or at least the bus controller address) must also be provided if the avi-
onics unit is to function as a MIL-STD-1553 remote terminal. All of thcse
functions can be provided in a MIL-STD-1553 remote terminal specifically
designed to interface with one or more non-1553 avionics subsystems. This
will permit avionics units using ARINC 429 or 453 (or 419 or 568 or 575 for
older airline equipments) data standards to delegate to that terminal the
provision of 1553 compatibility. This is the method currently employed

in the F-16 to interface the ARINC 568 data standard used by the ARN-118
TACAN with the 1553A data bus.

Special remote terminals tc interface airlines equipment with a
MIL-STD-1553 data bus will not posc major problems for new aircraft. They
would have to be provided in retrofit aircraft as additional Group A or
Group B equipment.
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2. ASD/ENAMA Comments on Differences Between Commercial Standards and
Military Standards

RTCA DO-160 MIL-E-6051D

ARINC 600 MIL-B-5087B
MIL-STD-461A
MIL-STD-462

1. MIL-E-6051D requirements are generally not related to the type
of requirements addressed in ARINC Document 600-1 and NTCA Document
DO-160. MIL-L-605iD is concerned with ¢lectromagnetic compatibilicy
of an overall system and treats items at the subsystem level only to
the extent of specifying subsystem level documents,

2. The primary concern of MIL-B-50878 at the subsystem level is to
obtain a good electrical bond (Class R) between the subsystem enclosure
and aircraft structure. The intent of this specification is to obtain
this bond across mating surfaces without the use of wiring through
connectors. This is to insure that the bond will be cffective at
radio frequencies in addition to audio frequencies. MIL~B-S5087B
specifies the bond in terms of a de resistance for simplicity of
measurement. ARINC 600-1 addresses bonding between LRU's and the
equipment rack in paragraph 3.3.1.2. The bond is obtained through
connector contacts which are tied to the connector shells. This
technique will not be effective at radio frequencies.

3. Electromagnetic interference (EMI) requirements in RTCA DO-160
appear to be patterned after an carlier military specification MIL-I-
6181D which became obsuvlete in 1964, In general, the test techniques
and test limits are different than those used in the present EMI
standards, MIL-STD-461A and MIL-STD-462. The difference in test
techniques make direct comparison of test limits for a particular

class of testing difficult. However, through the use of a few
assumptions, a comparison has been attempted. The most severe limits

of DO-160 were used for comparisons. Generally, conducted and radiated
emission limits appear to be similar in sceverity, however, the

frequency ranges covered by DO-160 are more limited than MIL-STD-461A
and MIL-STD-462. The conducted and radiated susceptibility requirements
of MIL-5TD-461A and MIL-STD-467 arc in general more severe than DO-160
and are more extensive in frequency coverage. More extensive comparisons
for types of testing are provided below.

a. Conducted emissions on power leads and signal leads. DO-160
requires testing from 150 kHlz to 30 MHz. MIL-STD-461A/462 requires
testing from 20 kHz to 50 MHz. Signal lead test techniques and limits
are identical for both documents. For power leads, MIL-STD-461A/462
uses a 10 microfard capacitor to short circuit noise to ground and
short circuit current is measured with a current probe. D0-160
provides two optional techniques. One technique is to use Line Impedance
Stabilization Networks (LISN's) and to measure the voltages developed
across the LISN's. By assuming a 50 ol source impedance for the noise,

(continued)
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the DO-160 limits are almost identical to MIL-STD-461A limits.

However, for lower source impedances which may be encountered,
MIL-STD-461A limits become more severe. The scecond technique of

DO-160 is to measure conducted current with a current probe similar

to MIL-STD-462 using identical limits to MIL-STD-461A. However, the

10 microfarad capacitors are not used to short circuit the interference
resulting in the MIL-STD-461A limits being more scvere.

b. Radiated emissions. DO-160 requires testing from 150 kHz to
1.215 GHz. MIL-STD-461A/462 requires testing from 14 kHz to 10 CHz.
Correction factors for antenna to equipment spacings and for converting
from antenna induced voltages to field strengths were used to allow
comparison of limits. At low frequencies DO-160 is more severewhile
at higher frequencies MIL-STD-461A becomes more severe. Above 25 MHz,
MIL-STD-461A requires both horizontal and vertical polarizations of
signals to be measured while DO-160 requires only one polarization.

¢. Conducted susceptibility on powerlines. For frequency sweeps,
DO-160 requires testing from 10 Hz to 30 MHz., MIL-STD-461A/462 requires
testing from 30 Hz to 400 MHz. MIL-STD-461 is significantly more severe
across the entire frequency range tor dc lines and is more severe
over most of the frequency range for ac lines. For example, above
90 kHz DO-160 requires that 100 millivolts open circuit from a 50 ohm
source be applied to the ac or dc powerline. This level represents
50 microwatts of maximum power applied. MIL-STD-46lA requires 1.0
volts closed circuit applied from a source capable of 1.0 watt output.
The difference between the two levels is 43 dB. For application of
voltage transients onto powerlines, DO-160 requires 600 volts open
circuit from a 50 ohm source while MIL-STD-461A requires 100 volts
closed circuit for 115 volt ac lines and 56 volts closed circuit for
dc lines from a 0.5 ohm source. For many cases, the MIL-STD-461A
voltage would be expected to be higher than the voltage resulting
when the 600 volt open circuit signal is appliedto a low impedance load.

d. Radiated susceptibility. For magnetic induction fields,
similar requirements exist at the 400 Hz power line frequency. DO-160
does not contain a requirement for a magnetic induction field due
to a current spikesimilar to the MIL-STD-461A requirement. FYor
radiated electric fields, MIL-STD-461A requirements are significantly
more severe. Due to the wide variety and density of transmitters
used on Air Force aircraft, this fact is considered particularly
important. DO-160 covers the frequency range of 15 kHz to 1.215 GHz
while MIL-STD-461A/462 covers 14 kHz to 10 GlHz. The antenua input
voltages specified in DO-160 were converted using several assumptions
to equivalent field strengths at the tested equipment. DO-160 levels
are on the order of 0.15 volts/meter while MIL-5TD-461A requirements
are 10 and 5 volts/meter.

e. MIL-STD-4561A covers extensively transmitter and receiver
characteristics at antenna ports for spurious outputs, front end

(continued)

L




=~

¢ .

o R a1 AN o W g

rejection, intermodulation, cross-modulation, and squelch operation.
DO-160 does not address these areas.

4. In summary, bonding provisions between LRU's and equipment racks
may be inadequate. Due to significant differences between DO-160

and MIL-STD-461A/462 requirements, items qualified to DO-160 cannot

be considered to be qualified to MIL-STD-461A/462. Retesting to
MIL-STD-461A/462 would be required for general usage subsystems to -
avoid risks of electromagnetic compatibility problems. For subsystems
intended for a particular aircraft and installation location, portions
of the DO-160 testing may be accepted (particularly emission testing)
on an individual equipment basis after aircraft receiving and trans-
mitting equipment has been reviewed. Howcver, some retesting would
almost certainly be required.
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3. ASD/ENACD Comparison of MIL-STD-704 with ARINC Report 413A

1. Although ARINC Report 413A and MIL-STD-704 are concerned with the same
subject, aircraft electric power, they are very different in character. MIL-
STD-704 is a "standard" which defines precise limits for aircraft power
characteristics. This document is widely used in commercial aviation as

well as by the military. ARINC Report 413A, on the other hand, is a "report”
which more or less philosophically surveys the field of aircraft electric
power and provides guidance to equipment and aircraft manufacturers. The
Report does not levy firm requirements.

2. The two documents are basically compatible. Paragraph 1.3.2 of the
Report states: "It is the intent of this document to provide coordinated
industry interpretations of the existing requirements of MIL-STD-704B as they
apply to airline equipment and to update these requirements with additional
supplementary quidance." MIL-STD-704 (original issue), MIL-STD-704A, and
MIL-STD-704B are included in Report 413A as attachments and appendices.

3. Report 413A goes beyond the scope of MIL-STD-704 by giving guidance in
equipment design with regard to personnel protection, component protection,
smoke prevention, and reverse polarity protection. The Report also
addresses electromagnetic compatibility areas which are covered by MIL-E-
6051 rather than by MIL-STD-704.

4. Since Report 413A was published, MIL-STD-704C was issued in December
1977. Furthermore, MIL-STD-704D is now being coordinated among the military
services. These recent changes to MIL-STD-704 do not significantly affect
its relationship with commercial practice, with one possible exception. The
voltage spike susceptibility requirement against equipment which was in MIL-
STD-704B has been removed from the C and D revisions. This was done to
eliminate duplication with a similar requirement of MIL-STD-461. Industry
members of the aircraft electric power community have vigorously opposed this
action and will undoubtedly insist that the spike requirement of MIL-STD-7048
be retained for their commercial equipment. This would have no detrimental
effect on the compatibility of commercial equipment in military aircraft, how-
ever.
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{ 4. ASD/ENEC Comparison of Environmental Reguirements
! RTCA-DO-160 MIL-STD-810
‘ MIL-STD-454
MIL-E-5400
3
[ 1. INTRODUCTION

The ASD/XRE ltr. (26 July 79) included a request to compare the environ-
mental requirements of D0O-160, MIL-STD-810, MIL-STD-454, ard MIL-E~5400 with
. regard to two viewpoints, i.e.,

a. Address the significant differences in commercial and military
‘ requirements, which may prevent D0O-160 qualified equipment from being used
. in Air Force aircraft.
. b. van these significant differences be eliminated, by applying
available technology to control the avionics eavironments in Air Force aircraft?

2. RELATED ISSUES
The following general comments are provided to place this response in
perspective with numerous related issues:
a. Due to the short time for response, this review is very cursory
in nature. Thus, it is difficult, if not impossible, to determine what are
‘ "significant" differences.
f b. DO-160 and MIL-STD-810 are test documents, while MIL-STD-454
S and MIL-E-5400 are design documents. MIL-E-5400 references the test pro-
- cedures of MIL-STD-810 for Air Force electronics, and MIL-T-5422 for Navy
§ clectronics. The environmental design requirements in MIL-STD-454 and
MIL-E-5400 ate sufficiently nebulous to allow a broad range of environmental
esign approaches for avionics equipments, which makes the testing documents
. the driving design factor, for military applications. The testing requirements
- of MIL-E-5400 (MIL-T-5422) are essentially the same as the requirements of
MIL-STD-810. Normally, when significant differences exist, the acquisition
engineer, in the Program Office, selects the bettgr of the two requirements.

c. Based on the above conditions, this review will be limited to
comparing DO-160 and MIL-STD-810 requirements. MIL-STD-81CC and DO-160
{14 May 79) were used for this review.

d. The test requirements in MIL-STD-810 are generally more extensive,
and more detailed, than the requirements in DO-160, which is caused by their
different purposes in the overall scheme of '"doing business", i.e.,

(1) The commercial airlines do not need to place heavy reliance
on testing for successful field operation, since they: (a) Develop competi-
tive designs for the same avionics function, (b) Have the financial capabi-

ity of rapidly addressing and correcting field problems, and (c) Have the
economic leverage of buying a competitors product, when specific equipments
become an economic burden.

By comparison, the miliitary procedures heavily emphasize
MIL-STD-810 tests as the environmental success criteria for satisfactory
operation in the field environments.

From this viewpoint, the purpose for testing is significantly
.ifferent, when viewed from the commercial airline, and the military, way
- of "doing bu' iness". This difference is reflected in the faet that the

(continued)
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DO-160 requirements are generally just a check of equipment performance at A
the environmental design limits, whereas the MIL-5ID-810 requirements emphasize :
an environmental endurance level which is equivalent to a long-term, successful w
operation.

() DO-160 is limited to avionics, while MIL-STD-810 includes
requirements for all DOL equipments. In ddition, the airline avionics
equirements generally apply to a specif ¢ type of aircraft and a specific

L operational pattern, while MIL~STD-810 covers all types of aircraft, flying -

3 ; different types of operational missions. Also, the most severe airline o4
I avionics environments are relatively benign, compared to the environments

: B associated with the large majority of Air Force avionics installations.

e. The DO-160 requirements are further tailored to specific types
of avionics by the use of a "Minimum Performance Standard", which is developed

P for each type of avionics. It is assumed that the standard is then referenced
" in the avionics specification.
B By comparison, the MIL-STD-810 procedures are directly referenced o

' in the avionics specification (with some tailoring by individuals, but without
the group decision tailoring, as reflected in the "Minimum Performance Standard').
b f. In the way that both the commercial airlines and the military
’ do business, the real acceptability for environmental requirement rests with
the procuring activities which have diverse opinions on the same issue. -
In addition, the environmental requirements, which are applied to contracts,
; are the responsibility of the procuring activity. DO-160 and MIL-STD-810
are only general guidelines. As a consequence, it is difficult to identify how
MIL-STD-810 is used, for a large spectrum of avionics procurements, or to
identify general acceptability levels for the results of this study.

g. With regard to avionics, the large majority of MIL-STD-810 test
failures occur in the temperature-altitude, humidity, and random vibration
tests.

. h. MIL-STD-~810 is in the process of being revised. In some instances,
~ MIL-STD-810 misses the critical failure environments for fighter aircraft
avionics, e.y.,

(1) Thermal fatigue of internally forced air cooled avionics,
caused by oscillations in the cooling capacity fespecially prevelent during
ground operations). '

(2) Corrosion of cockpit equipment caused by the combination of
solar radiation and electrolytic rain.

(3) Thermal environments associated with the ground cooling
system, during flight-line maintenance.

o 3. AVIONICS ENVIRONMENTAL TESTS
1 A comparison of the DO-160 and the MIL-STD-810 test environments is given
in Table 1. i
+. TEMPERA.' kE & ALTITUDE )
DO-160 i  essentially limited to an avionics performance check at the
temperature c-itremes. The altitude tests are conducted separately, to simulate
the effects ! emergency decompression, and the effects of temporary over- .

pressurization by the aireraft environmental cantrol system (ECS).
MIL-STD-810 includes a combined temperature-altitude test (which is applied

(continued)

R=3
‘ ﬂ

¢ w—rea
h-‘




~§

TABLF 1. AV:iONICS ENVIRONMENTAL TESTS

DO-160 MiL-STD-810
Tempe rature Temperature - Altitude
Temperature Variation = |  —=—==-
Humidity Humidity )
Shock Shock Conditional
Vibration Vibration Application
Explosion (C) Explosion (CL) ClL-Conditional/location
Drip Proofness (C) Rain (CL) CM-Conditional/ma-
Fluids Suscept (C) |  —=—ev terials
Sand & Dust (C) Dust (CL) A-Alternate
Fungus (C) Fungus (CM) C-Conditional
Salt Spray (C) Salt Fog
Solar Radiation (CL)
Acceleration
Acoustical Noise (CL)
Temp-Humid.-Alt. (A)
Gunfire Vibration (CL)

universally to avionics), with the following unique features:
a. Temperature and altitude effects are combined which affects the
heat-transfer trom the avionics.
b. Operational altitudes are included which affects seals, equipment
"breathing" phenomena, arcing of high-powecred avionics, etc.
¢. Avionics operational checks are included at various temperature-
altitude combinations, which cover the normal flight envelope.
d. Short-time, high-~temperature, altitude conditions are included
‘0 represent :ighter aircraft high-speed dash conditions, when the ECS
performance i:.. degraded, and aerodynamic heating becomes a significant thermal
factor.
e. Avionics operational checks for intermittant failures are included,
when the altitude is changing.
f. Avionics operational checks are included, for the frost-thaw-
frost conditiun.
g. The test times, at the test points, are much longer than the times
in DO-160. '
A comparison of the differences between DO-160, and MIL-S5TD~810 is illustrated
in Figure 1, where the DO-160, category El equipment (no temperature or pressure
ontrol, and vcperatiomal to 70,000 ft) is compared to the MIL-STD-810, Category
6 equipment (up to 70,000 ft), which is typical for fighter aircraft avionics.
Considerin, all the differences between military and commercial avionics,
which are alluded to in para. 2 above, the differences between DO-160 and MIL-
STD-810 are generally considered significant. The combinations of teperature
and altitude are important, and DO-160 Jdoes not address these combinations.
At sea level conditions, the MIL-STD-810 temperature requirements mav be
reduced to the requirements of LO-160, althouyh the test-times of MIL-STD-810

(continued)
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should be maintained (with the exception of time spent at 95°C).

Closer eviluation of the MIL-STD-810 temperature altitude test points
may increase . r decrease the temperature values, as related to avionics testing.
Future Air Force emphasis, on avionics environmental control, may also reduce
the temperaturc test points at the various altitudes, but the altitude require-
ment will not be eliminated.

In a related issue, MIL-STD-810 is being revised to where the fixed set
of temperatui.-altitude test points are being replaced by a variable set,
depending on aircraft application. This type of tailoring has generally been
done in the pust, anyway, by the acquisition/contractor engineers associated
with specific Programs.

A more serious limitation of DO-~160 qualified equipment for military
aircraft, is the thermal fatigue condition associated with internally forced ]
Ailr cooled equipments in fighter aircraltc. This condition will be simulated
in the revised MIL-STD-810. Normally, there would be no reason for D0-160
to have a thermal fatigue test, since tlere are minimal excursions in the cooling
capacity of the cooling air in commercial airline, environmental control 1
systems. Fighter aircraft ECS, though, have significant excursions in cooling
capacity, during ground operations, and during changes in altitude. Various
sources of information indicate thal thermal fatigue is a more prevelant source
of avionics failures, than exposure to constant temperatures. Another solution
to this problem, though, is for the Air Force to emphasize the use of a fighter
tircraft ECS which essentially provides constant cooling to the avionics during
ground and flight conditions.

Another scvrious limitation, for intcrnall? forced air cooled avionics,
is the diffe.cnces in commercial and military coolinyg air capacities.
These differences are not specifically addressed in D0O-160 or MIL-STD-810,
but the cooling air is included by reference in the test set-up procedures.
The practical effect is .hat commercial airline avionics will be receiving
3-8 pounds/minute/KW at 30-70°C, while the military equipment will be
receiving 2 pounds/minute//KW at 30-70°C, when the units are undergoing
DO-160 and MIL-STD-810 tests. This effect is more serious than the
differences in chamber temperatures, since the component temperatures are
primarily controlled by the cooling air parameters.

Future Air Force emphasis on avionics environmental control may reduce
the commercial-military differences in cooling air, or the significance of
these differences may he limited to aircraft ground operations, which may
be handled by modifications to the engine bleed air system for ground
operations.

5. HUMIDITY
The primary DO-160 test requirement, for airline avionics, is Category
A. Since this test is limited to an avionics performance check after two,
twenty-four hour cycles, using a reduced temperature limit, it is considered ‘
anacceptable ‘or Air Force applications. i
On the other hand, DO-160, Categoury B test requirements are essentially
he same as MIL-STD-810, Proce..ure 1 requirements with slight differences in
the approach to checking equipment performance at the end of the test.

(continued)
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There should be minimal problems with using D0O-160 (Category B) require-
aents for Air Force applications.

In a related issue, the Humidity tests are questionable in terms of not
having alternating dry and wet cycles, and in terms of not having electro-
lytic moisture (present tests use pure water).

6G. VIBRATION
Vibration is sufficiently complicated to prevent any typical comments,since
1t is dependent cn so many local aircraft conditions,which are generally not
2finable prior to the final deveclopment phase for aircraft development programs.
ro complicate the issue, there exists an i1nfinite number of choices of spectra,
evels, and time histories, which are dependant upon a specific installation
a a specific aircraft.
Even so, there is a need to initiate some thought on the general boundaries
. vibration requirements so that the use of DO-160 for Air Force equipment
applications may be evaluated.
From this viewpoint, a comparison is made of the DO-160 vibration require-
ments and the requirements of MIL-STD-810 (as interpreted by the author).

. "eneral Comments. To boil-down the many choices of Vibration procedures and

evels in DO-160 and MIL-STD-810, this review will cover only avionics in jet
iircraft, which covers the large majority of Air Force avionics applications.
tn addition, this review will cover only the avionics located in the foward
and center fuselage, and in the cockpit, which covers the large majority of
vionics installations which may be feasible for commercial avionics.
DO-160 allov's either sinusoidal or random vibration tests for avionics
+quipments. Avionics equipments, qualified to sinusoidal vibration tests,
are considered unacceptable for Air Force applications.
MIL-STD-810 requires both a vibration Performance test level, and a vibra-
-on Endurance test level, to be applied to each equipment, in all three axes.
DO-160 is written in such a manner that it requires a vibration Performance
level to be conducted, in all three axes, but the vibration "Robustness"
(Endurance) level (which is the "severe" vibration level) mav be eliminated,
rccording to how the avionics specification is written. Avionics equipments,
qualified without the "Robustness" tests, for all three axes, are considered
unacceptable for Air Force applications (vote: The actual vibration levels are
not as important as the need to run some type of vibration endurance test).
Gunfire vibrations are not considered important since aviounics can generally
be placed outside of the gunfire vibration affected regions of most A1r Force
aircraft.
The following review covers a comparison of vibration levels for different
classes of aircraft.
High-Performance Aircraft. The aircraft categories in th’'s group include
1ighter, fighter-bomber, and bomber aircraft. This review is very general,
of necessity, since there are always exceptions to the rule, especially in
the vibration area.
A general comparison of D0-160 and MIL-STD-810 vibration level requirements,
a+ the Performance level of vibration, is illustrated in Figure 2.
The major difference in vibration levels is in the cockpit area, where
commercial airline cockpit vibration levels are far below the high-performance
aircraft cockpit levels.

(continued)
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In terms of fuselage locations, the DO-160, "Standard" vibration spectrum
-> below the typical spectrum for high-performance aircraft, and it does not
address the high-frequency content, in the 600-1000 Hz region (which is ex-

ected, since commercial airlines do not have to worry about aerodynamic pressure
‘luctuations, as a dominant source of vibration). While the 'Severe'" vibration
spectrum is significantly above the typical spectrum for high-performance
aircraft, in the lower frequency range, it also misses the high frequency
cyntent.

In terms of comparing vibration Endurance (Robustness) test levels, the spec-
trum for high-performance aircraft, could be moved up until the high plateau
.egion (Fuselage) reaches 0.1 G"/Hz. The D0-160 "Robustness'" levels are the
levels for the "Severe" vibration category. '

As a consequence of the above, the DO-160 random vibration requirements
need to be modified, in some fashion, to be readily applicable to Air Force
avionics vibration requirements, for high-performance aircraft.

In terms of related issues, the 0.04 G2/Hz level is generally established
as a lower vibration test limit for high-performance aircraft equipment, to
cuver efficient production quality assurance vibration levels, and to cover
transportation vibration levels. Also, a lower vibration range for testing
i> given, from a practical viewpoint, since vibration ceases to be a problem,
when the levels are sufficiently low. An alternative to no testing at all,
~ould be a minimal Performance level check.

In addition, MIL-STD-810 vibration test are being revised to replace
discrete sets of vibration spectra with blanks, to be filled in as the specific
avionics/aircraft application becomes known. A related handbook will be proveded,
giving the user some rationale for deriving test levels.

Medium Size Cargo & Tramnsport Aircraft. These requirements may be the same

as the "high-performance aircraft" requirements, or slightly less.

. Large Cargo & Transport Aircraft. These requirements may be the same as the

-160 requirements with the following conditions:

(1) If supersonic, use "high-performance aircraft’ requirements.

(2) Below the vibration level range of 0.004-0.006 G2/Hz, the vibration
test is considered inefficient anyway, so the difference between sinusoidal
and random is inconsequential. Even so, if tests are required, try to use random
vibration.

- SALT SPRAY .HEST
DO~1£9 inc! ides Category X, which mear: that the salt-spray test is not
v -Juired, and Category S, which is essenti.ally the same as MIL-STD-810.
No hard statement can be made about the salt-spray test, since:
a. The test generally causcs relatively few and minor failures.
b. The test is questionable in terms of lacking moisture - solar
radiation-moisture cycles, which are typical of aircraft operations.‘
c¢. The test should be primarily limited to exposed equipment (e.g.,
ti1ghter aircraft cockpit equipment).
8. ALL OTHER ENVIRONMENTAL TESTS
The remaininz environmental test of Table 1 are generally inconsequential.
The acceleration test should be limited to ayionics with moving mechanisms.
The shock test normally does not generate avionics failures, and the input
effects may well be covered by the random vibration tests.

(continued)
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b The fungus test is usually accomplished by similarity-by-analysis (i.e.,
' { equipment materials do not support fungus growth).

E The explosion test is limited to areas with explosive atmospheres (e.g.,
' ' engine compartments rather than avionics bays).

The solar radiation test should be limited to exposed avionics (e.g., fighter
a_rcraft cockpit equipments), although it seldom causes failures by itself.

The acoustical noise tests should be limited avionics located in high noise
areas (Overall level greater than 140 dB re. 0.0002 dynes/cm?), although this
condition seldom occurs in Air Force aircraft aivonics bays, which generally

sults in acoustic tests with no equipment failures.
F The Drip-Proofness test and the Spray-Proofness tests in DO-160 are optional.
‘ The comparable Rain test in MIL-STD-810 is questionable since electrolytic
wdater is not used (pure water is used instead), and since the operational
sequence of electrolytic rain-solar radiation-electrolytic rain is not simulated.
This condition is of primary concern for fighter aircraft, cockpit equipment.
It will be included in the revised MIL-STD-810. '
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{ 5. ASD/ENES Comparison of Military and Commercial Standards for Failure
Warning and Built-in Test Equipment (BITE)

1. The standard requirements and guidance for commercial on-aircraft
avionics test capability are included in the following ARINC documents:

a. ARINC Report 415, Failure Warning, addresses the system which
alerts the flight crew of conditions which affect safety or perfor-

3

3

o .
pi mance of the flight mission.
3

b. ARINC Report 423, Built in Test Tquipment (BITE) addresses

. the system which assists the maintenance personnel in performing the
. appropriate maintenance action in the event of a failure.
2
. c. ARINC characteristics 563 and 573, Aircraft Interrated Data
g' System (AIDS), addresses the systen which acquires and records data from
2% the whole aircraft (and fleet) to be used for ~naintenance, administrative,

and crash history purposes.

The Air Force has requirements for each of these types of on-aircraft
systems, and often has additional requirements.

a. MIL-STD-411 and MIL-STD-1472 apply to the type of test addressed
by ARINC Report 415.

c. Built-in-test features for Air Force aircraft have not been
standardized. I{IL-STD-4150) and MIL-STD-1591 address the process of
determining the BIT capability required for new electronic systems.
However, they do not specify BIT performance or features, nor does ARINC
Report 423.

2. There is currently much activity in the Air Force and other military
services to improve BIT performance and the process of acquiring NIT.
Better standards, specifications, handbooks, ficures of merit, and
verification techniques are sure to result from this activity. Documents
of current interest include:

a. .cquisitien Planning Guide tfor Syster Fault Detection/
Isolation Capability, July 1973, kore Air Development Center (RADC).

b. FTIT Desin Guide, September 1976, and undated draft revision,
TAVHMATINST 3950, 9A.

¢. A Design Guide for built-in-Test (BIT), April 1979,
RADC-Th-75-224.

d. LIT/SIT Improvement Project (Phas®t 1) report, so00on to be
releaseu, ASD-TR-79-XX.
(continued)
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b. There is no Air Force standard for AIDS type aircraft level test.
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3. There are several levels of inteyration at which self-test per-
formance could be specified.

a. i1ult detection/isolation capabilities can be specified to be
resident in cach shop replaceable unit (SRU) to detect and isolate to
a replaceable component, although this test function usually resides
in depot test equipment. Test point specifications then apply.

b. Self-test cepabilities can be specifiecd to be resident within
each line replaceable unit (LRU) to detect and isolate faulty SRUs,
although this test function is usually founu on interwediate shop testc
equipment.

iost often found in Air Force avionicy is tne capability of a

C.
Sometimes each

subsvstew to detect a failure and isclate tg an LRU.
LRU detects its cwn failures independently from other LRUs in the sub-
system. This is the level of integration addressed by ARINC Report 423.

d. In sowme conplex avionics systems, a system integrated test
(SIT) sibeystem performs the fault detection/isolation function, and
the selr- _est capabilities are specificd at the system level.

e. The last option is to record data on—aircraft for later use in
fault detection/isolatior (and othcr uscs). This is the approach
taken by ARINC characteristics 563 and 573.

4. ARINC Revort -.23 is a statement of philosophy iand some recommendations
concerr.ing the design of BLITE. On the vhele, it is consistent with the
Alr Force environtent, but several cxceptions stiould be noted. The
tollowing comuacnts pertain to various paragraphs from this report.

a. Para 1.2 = The document only addresses, fault isolation to an
LRU and verification of proper operation after maintenance. The
Air Force looks at a larger test requircuent.

b. Para 1.6, 4.2 - Apparent performance caunot be used as the
criteria for need of maintenance action in a system wnich includes,
for rel.ability or safety reasons, watermaticeily controlled re-
dundancy, or "fault tolerance'. 1 ticse systems, performance would
be satis‘actory until all capability is lost, aad hence, no maintenance
would be perforumed until thea. (Sece pava 7.7). .

c. twra 2.8 - With a bhigh leve! of systew inteprvation, eéspeclally
with processing, and displav of inforation, ! is often difficult to
determir. which subsystem ‘s malfusctioning. Therefore, a leve! of

iTE intesration at a level higher tham the LIV dis ofven justified.

d. Para 4.4.6 - A trade-off study 16 useally performed to

determine whether oITH or support o aipteat (30) is riore cost eftective.

Sone Adr rorce aiveraft are deploved frocoa overy limited agumber of base.,

{continued)
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and ofteun the weight/power costs of EITE are large, especially in small,
high performance aircraft or RPVs.

e. Para 5.8 - A standardized output to a higher level test system
is a worthwhile feature, but the AIDS interface is not standard with tihe
Air Force. lore likely, the MIL-STD-1553 interface bus will be the medium

and a software algorithm will be the BIT standard interface.

(See also
para 7.9).

f. Para 7.2.c)2) - The Air Force does not yet have a standard set
of parareters to specify performance of BIT. [ue to the differences i..
the maintenance concepts and data collection techniques, the particular

figure of merit cited in this paragraph would probably not be useful to
the Air Force. ,

g. tara 7.12.2 - Sometimes it is necessary to BIIL the BITE. On
of the ways to increase confidence in BITE (Para 2.9.1) is a test of the
test. The logical design of some self~test, typical for computers, is
to test some few elementary circuits and logic, and then use them to
test more sophisticated circuits and logic, and so on. Self test of an
AIDS type system is appropriate.

h. Para 9.3 - The Air Force requires a nore comprchensive definition
of BITE effectiveness than this one, which only addresses false alarms
and isolation accuracy.

i. (i.cse comuents should not be interproeted as criticisms of
ARINC Report 423. This report is well writtcn, appropriate for
commercial aircraft, and meets a real need there. Also, most of what
it has to say is appropriate for Air Force systems.

5. The Integratcd Digital Avionics (!DA) prosram is developing and
validating a set of standards for defining compatible common,
supportable avionics and one area to be addressed by IDA is testability,
Interface specifications for system level fault detection/isolation will
most likely be created as well as standards for internal self-test
capabilities and interfaces with support equipment. The IDA
standardization effort and this commercial standards effort will

surely affect the traditional process of determining new test re-
quirements for each new avionics system, but the magnitude of this
impact is difficult to predict at this time.
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6. ASD/ENACB Comparison Between ARINC-559A and Military H.F. Radio

Specification (ARC-XXX)

1. This report is In response tu your request for a comparison between
ARINC-559A and military HF radio equipment. The comparison has been
divided into two categories: the physical interface parameters of the
radios, and the operational parameters of the radios. Only the more
significant parameters are considered in this review. The comparison
will be between ARINC characteristic 599A and the ARC-XXX HF replacement
radio specification. 1In additjon to this comparison, actual equipment
items built to these specifications will be discussed: the Collins
728U-2 was built in accordance with the ARC~XXX specification, and the
Collins 628T~1 follows the ARINC-559A characteriscric. Information
about the 6281T~1 was obtained trom a preliminary brochure text.

2, Physical Intertace Parameters.

a. Weight: The ARC-XXX requirement is 50 1bs. or less. (The
728U-2 weighs 48,51 lbs. including R/T unit and control box.)
ARINC=-559A assumes a weipght in the range of 20 to 30 Ilbs. The 628T-1
weighs 26 lbs. excluding the control box.

b. Siuze: The ARC-XXX specitication gives maximum dimensions of
11.2" w x 20" 4 x #.6" h. The uctval dimensions of the 728U-2 are
10.12" w x 18.9" d x 7.62" h. ARINC-959A specifies a 3/4 ATR short
case, (7.5" w x 12.5625" d x 7.625" h). The ARINC radio is sufficiently
smaller so that there should be little problem with retrofit as far as
space is coucerned.

¢. Size (control panel): The Collins remote control tor the 728U-2
measures 4.5" d x 5.75" w x 2.62" h. The ARINC dimensions are 3.5" d
X 5.75" w x 2.625" h. Apain, there should be little problem as far
as space Is concerned.

d. Power: Both the ARC=XXX and the ARINC=-559A raodio use 115
volt, 400 Hz, threc-phase power.,

e, Cooling: The 728BU-2 has a mount with o blower for installa-
tions where no central cooling air system is used. The ARINC-559A
design should comply with ARINC-404A type "A" tlow-through cooling,
however, a blower should be included ftor cooling in certain retrofit
installations where no cooling afr is provided.

f. Audio Output: The 728U-2 wilitary radio has an audio output
of 150 mW with an impedance ot 150 ohms.  The 6287-1 ARINC radio has
an audio output ot 200 mW into 600 ohms with a source impedance of
less than 300 ohms. There should be no problem with driving the military
interphone system with the ARINC rvadios.

{continued)




P

L]

g. Audio lnput: The audio input circuit impedance is 150 obms
in the ARC-XXX radio. With an audio input from the interphone system
of 4 volis peak to peak, the voice processing within the radio will
pass an audio signal with a peak to average ratio of 12 db. For ARINC
radios the input impedance is also 150 ohms and the input levels are
in accordance with ARINC-412.

h. Wiring: The ARC-XXX is conligured to replace the old ARC-65
radio and, therefore, does not have a standard ARINC form factor. Some
changes 1in "Group A" would be required tc retrofit an ARINC radio
in an ARC-XXX installation. However, many military aircraft use the
Collins 618T transceiver which is an ARINC-533A characteristic radio.
In these aircraft the newer ARINC-559A radios could be installed with
the use of an adapter rack with little or no change in alrcraft wiring.

3. Operational Parameters.,

a. Frequency Range: Military HF radios have a frequency range of
2 to 30 MHz. ARINC-559A requires a frequency range of 2.8 to 24.0
MHz (the Collins 628T-1 has a range of 2.8 to 26.999 MHz).

b. Frequency Channeling Increments: Military radios use 0.1
KHz increments whereas commercial HF radios use 1.0 KHz increments.

¢. Channels: The two previous specifications combine to give
military radios 280,000 channels whereas the commercial radios are
required to have only 21,200 channels (the 628T-2 has 24,200 channels).

d. RF Power Output: The ARC-XXX radio is required to have 400
watts PEP (Peak Envelope Power) or 400 watts average power. ARINC-559A
is asking for 400 watts PEP, but 200 watts PEP will be allowed as a
temporary expedient to accommodate solid state transmitters. The

628T-1 is a 200 watt PEP radio; however, it uses speech processing which

boosts the radio's "talk power” to that of a 400 watt PEP radio without

speech processing.

e. Modes: The ARC-XXX will operate in upper sideband (USB), lower
sldeband (1.8B), amplitude modulation equivalent (AME), cw (continuous
wave), and DATA. ARINC-959A radios will operate USB, AME, and DATA.

The most signiticant ditterence is the lack ot LSB mode in ARINC radios.

f. Secure Voice: The ARC-XXX is required to operate with secure
voice equipment. The ARINC radios have no such requirement. A band-
width ot at least 300 to 2700 Hz is required for secure voice operation.
ARINC radios have a bandwidth of 350 to 500 Hz. This narrower response
may degrade the intelltbility in secure mode.,  The amount of degreda-
tion would have to be  fetermined by testing.

4. In sumbiary, thi. - oipatt oo fndicates that in most cases g change
in "Group A" cquipmeat weald be o1l that 1o necded to install an
ARINC type radio.  In some o ases, ondy an adapter rack will be required.

(continued)
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However, the operational differences between the two types of radios
pose d more serious problem. The lower performance of the ARINC radios
in frequency range, frequency chuanneling increments, RF power output,
and modes of operation may not be accepted by wmilftary users. Further-
more, there Is an increusing concern about nuclear hardening (a
requirement tor the ARC-XXX) that is not dealt with in cosmercial
radios. The ARINC radios could be moditied or specially designed to
incorporate all or most o! the teatures presently used by the military.
However, a common military/commercial radio is not very foreseeable
because commercial uscrs are not willing to pay the extra price for
features that they neither need nor want in their HE system.
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7. ACD/ENACA Comparison Between Military and Commercial Standard Inertial
Systems

ARINC-561-11 (INS) ENAC 77-1 (INS)

ARINC-704 (IRU)*
1. This comparison of ARINC characteristics 561-11 and 704 with the
F3 INS specified in ENAC 77-1 will stress the packaging, mounting and
cooling consideration referced to in the tasking for this study however
other aspects will be covered. 1t should be noted that while both
ARINC and the ENAC documents define inertial system standardization,
ENAC 77-1 covers applications in a wide varicty of ailrcraftt and roles;
the ARINC characteristics are specifically designed for installation
in the rather beneign environment of commercial transport aircraft.
The ARINC 561-11 defines an Inertial Navigation System (INS) Navigation
Unit, ENAC 77-1 de¢fines a similar INS Inertial Navigation Unit and the
ARINC 704 defines an Inertial Reference Unit (ITRU) which requires an
external computer to be considered equivalent to the ARINC 561-11 and
ENAC 77-1 units.

PACKAGI NG

2. ARINC 704. specific dimensional requirements of the IRU are fully
detailed in ARINC Specification 600. Except for cooling openings and
front hold down locations, the unit should comply with the basic standards
established in ARINC 600 for the 10 MCU form factor. The location of

the cooling openings and front holddowns should be for an 8 MCU rather
than a 10 MCU form factor. The IRU has specified dimensions of:

a. length 12.48" to 12.5" (kef);
b. height 7.60" to 7.64" (Ret); and
c. width 12.69" t o.o2"
3. This IRU has a volume of approximately 1210 in3 and approximates a

3/4 Short size box in length and herght but exceeds the specified width
(it should be 7.50").

4. ARINC 561-11. The commercidl inertial navigation unit should comply
with the basic standards established in ARINC specifications 404 for the
1 ATK lony size. This navigation unit has the following specified
dimensions:

a. length 19.6l1";

b. height 10.625" (MAX); and

c. width 10.125" t 0.03125"

*ARINC-704 Inertial Reference Unit provides all of the basic INS functions.
ARINC-702 Flight Management Computer adds sophisticated waypoint navigation.

(continued)




5. The Navigation Unit has a volume of 2110 inj and violates the 1 ATR
Long box size in the height dimension (it should be 7.62") for equipment
reasons.

6. F3 INS (ENAC 77-1}. The packaying of the INU for the F3 INS 1is

defined by the attached drawings. Thils unit oas the tfollowing dimensions:

a. length 15.187" (plus 1.41" MAX optional front for connectors and
handles and 1.%) MAX tor optional doghouse in the
back);

b. heigyht 7.625 MAX; and

c. width 7.531" MAX (plus 0.18" optional on both sides).

. 3
7. The INU has a volume of approximately 1o4n in~ and fits a 3/4 ATR
Short box size in height and width but exceeds the length specification
(it should be 12.02").

8. Thus while none of three units under comparison exactly measure to
ATR sgecifications, they approximate a 3/4 ATK sShort size for the INU of
the F~ INS and the AKINC IRU and 1 ATK long for the AKINC Navigation Unit.
It is not entirely realistic to include the IRU in this compdrison since
it does not have the capabilitics of the other two units. The point to
be made here is that the INU of the F7OINS which does more than the

ARINC 561-11 Navigation Unit,does it in a package of almost half the
volume.

MOUNTING

9. ARINC 704. The IRU should use ARINC form factors defined in this
specification for the mounting tray. The tray's dimensions are: 12.45°
to 12.40"lony (outside); 7.64" max height and while overall width 1s
not specified, the two rear mounting pins are 8.153" apart. There are
three mounting pins: two on the back; one round, the other diamond shaped
and a forward round pin on the tray's center line. The IRU must be
capable of proper oricentation when it is mounted with its longitudal
dimension parallel to the direction of flight. It is normally mounted
facing aft (i.e. to be removed 1t 1. pulled toward the rear of the
aircratt) and if it is mounted facing forward interwiring changes
involving program pins must be 1ncorporated. Mounting tolerances (with
reference to the principle aircratt axes are 312 arc minutes in pitch
roll and azimuth.

10.  AKINC 561-11. The Navigation Unit Tray is similar to the ARINC 704
specification. It has an optional height reguircement but is specified
as 19.469" L .n31" long (inside) and 10.156" (minimum) wide. While the
arrangement of round and diamond pins are the same, the pins on the
Navigation Unit are slightly larger than the IRU tray (0.3110" OD on

the ARINC 56l1-11 tray; 0.3075 on the ARINC 704 tray). The same restric-
tions on mounting the Navigation imnit longitudal dimension parallel to

(continued)
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between the sizes of the previous two units.

plug.

ments of cooling provisions.

the direction of flight, facing aft apply as do interwiring changes if

it is mounted facing forward. Mounting tolerances are dependent on
subsonic and supersonic aircraft and relative to the aircraft or other
INSs on the aircraft. Relative to the aircraft, pitch, roll and azimuth
accuracy 1is % 12 arc minutes on subsonic aircraft and ¥ 6 arc minutes for
pitch and roll and - 12 arc minutes for azimuth on SST aircraft.
Relative to other INSs, pitch and roll accuracies are * 6 arc minutes

and * 12 arc minutes for azimuth regardless of aircraft type.

11. ENAC 77-1. This specification specifies the mounting rack as
reference only. These drawings are attached, It is specified to be
15.00" max long (outside) not including the air inlet, 4.9u" high and
7.90" max wide. There are also three mounting pins; 2 diamond pins

and one round however the front pin is a diamond pin and 15 off the
center line of the tray. Pin ulzes are 0.3097" 0D which puts them

Fore and aft installation
is possible by simply setting the appropriate pin on the power (J132)
The ENAC 77-1 document does not specify aircraft to mount
tolerances.

12. The three specifications have no apparent physical similarity;

no dimension is the same and pin size and locations vary. The ENAC
specification makes installation facing forward or aft easier than
ARINC characteristics. There is no provision for any unit to be
mounted sideways in any aircraft. Of interest is the omission of any
tolerances in the mountinyg of the Navigation Unit to the rack. The
ARINC characteristic clearly state thcere are absolutely no mounting
accuracy requirements while the ENAC specification states that mechanical
boresighting of sensors will not be required aftcr LRU replacement and
that the INU mount shall provide for interchangeablce installation of
INUs without adjustment to retain INU boresight.

COOLING

13. ARINC 704. This characteristic states that all cooling, thermal
design and appraisal should be in accordance with ARINC 600 level 2.

The airflow rate provided to the IRU should be that reguired to cool

200 watts minimum of internal power dissapation (para 3.5.4.3 of ARINC
600) . This will require 44 Kq/HR (1.6 lb/min) of 40 degree C inlet

air cooling at the Thermal Design Condition of ARINC 600 Section 3.5.1.6.
The pressure drop of coolant airflow should be level 2 of 25 £ 5 mm

(1 inch) of water.

14, ARINC 561-11. This characteristic states that ARINC Specification
404 (with Supplement 2) must be followed regarding the specific require-
This document specifies cooling air for
flow-through system as 0.8 lb/min of cooling air per 100 watts of
dissapated energy when the unit inlet air 1s 37.8 degrees C (100 degrees F)
at sea level. The unit pressure drop at design air flow rates should
not exceed 1 inch of water when measurcd across the box (does not include
tray orifices) and corrected to sea level at 100 degrees F.

(continued)
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15. ENAC 77-1. This specification states that cooling air shall be
provided according to the attached cooling air specifications. The cooling
air is to be able to dissapate approximately 340 watts through a temperature
range of -51 degrees C to +38 degrees C. The specified pressure drop is
specified at 2 inches of water £ 10%. This requirement is at 1.2 lbs/min
at 27 degrees C and sea level pressure. ENAC 77-1 also specifies over-
cooling and undercooling provisions that require operation but allow
degraded performance.

16. Both ARINC characteristics have simildr coolling aly requirements.
The ENAC 77-1 specification is nuch morc domanding in theé arca  of over
and under cooling.

17. In general, the three criteria comparcd above show the B’ I%;

requlrements are more stringent,  This g to be expected:  the F

system has very high rcaction time criteria, the ARINC systems do not

specify this criterion; F~ accuracy 1s detailed, ARINC is not. There

are many other characteristics that the F° syotem has but are absent in
e commercially specified systems. For a faller appreciation of the

F” system it is recommended that intcerested parties read BNAC 77-1.
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8. ASD/ENAMD Comments on Commercial Standard Weather Radar

1. ARINC Charactevistic 708

a. Paragraph 1.1. Weather detection, ranging, and analy-
sis is listed as a primarv requirement with ground mapping a
secondary requirement. The USAF venerallyv requires ground
mapping as well as weather detection.  Ranking the two require-
ments as primary and secondary mav not be appropriate.

b. laragraph 1.2. Emphasis of characteristic 708 is
placed on weather detection and analvsis.

¢. Paragraph 1.3.2. This paragraph specifies all stabili-
zation, control, and display information should be serial digi-
tal. Are the standards listed (ARINC 429, ARINC 704, and ARINC
705) compatible with MI1.=STD-1553? Militarv weather radars
should be compatible with MIL-STD-1553.

d. Paragraph 1.3.3.1. This parauzraph implies that all
circuitry necessary for reception, transmission, and signal
processing must be in a single box. 1t around map modes are
also required, it may not be practical to put all three func-
tions ‘n a single box due to size and weight limitations.

e. Paragraph 1.5, FAA TS0 standards are called out.
These should be checked against appropriate Mil Specs and
ad justments made as necessary

f. Paragraph 1.6, No reliability fivures are given.
This may be okay, but it is a break with Air Force tradition.

and sizes may be okay for airline u<e, but sometimes these
radars need to be installed in small or odd
USAF aircratt.

«. Paragraphs 2.1 through 2.6 Specitving box shapes
shaped places in

h. Parvagraph 7.9, (he environtsental conditions specitfied
are considerably Tess «trinvent than those of TISAF equipment .,
A pressurized compartment for the radar wonld be vequived,

i. Paravraph 3.3. A pencil beam would not be adequate
for most USAT ground mapping requaivements.

j. Paravraph 3.8, MI{-STD-4649, paravraph 6.4, requires
military radars to be frequency timcable.

k. Paragyraph 4.5, A 1.5 nm spot size is specified.  Spot

size measurcd in nautical miles is not verv meanineful since
that number chanves with ranve woale selected even thoush

{(continued)




actual spot size does not. Perhaps paragraph 4.5 contains
a typographical error and 0.5 mm was intended.

2. RTCA Document DO-134

The minimum performance standards listed in DO-134 have no
relationship to any current USAF weather radar requirements.
The standards are minimum acceptable, but all current Air
Force weather radar requirements exceed these standards. Our
actual requirements are, therefore, used in specifying weather
radar performance,
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9. ENFTC Comments on Commercial Standard Automatic Flight Control

ARINC 701 Flight Control MIL~F-949D
ARINC 702 Flight Management
ARINC 703 Thrust Control

1. The ARINC characteristics 701, 702 and 703 have been reviewed
and evaluated by ENFTC. The documents were found to be useful
guidelines for commercial transport aircraft manufacturers and
airlines, However, they do not incorporate the necessary criteria
needed to specify design characteristics for high performance
military aircraft. Furthermore, the ARINC documents provide only
general guidelines centered around the operational characteristics
of the automatic flight system for commercial transport aircraft.
Dynamic flight control requirements are not provided by these
documents.

2, The design, mechanization, packaging, mounting, and cooling

of the automatic flight control systems used on military aircraft
is influenced by mission requirements and operational environments,
i.e., attack and fighter aircraft flight control system require-
ments differ drastically from those of transport aircraft.
Specification MIL-F-9490 incorporates the necessary design
specifications and comprehensive requirements that cover the total
spectrum of flight control systems for military aircraft. Presently
the MIL-F-9490 is in the process of being updated (contract no.
F33615-79-C-3617) to incorpecrate state-of-the-art technological
advancements in digital avionics, microelectronics, packaging,
actuators, sensors, etc..

3. Nevertheless, it is recommended that the Flight Management Computer
System ARINC characteristic 702, which describes the next generation

of automatic flight guidance, be utilized as a reference document

for the development of the automatic flight control systems for

future military transport aircraft. This will incorporate into

the design of future automatic flight control systems the necessary
parameters to accomplish an automatic flight path control mode

to accomplish optimum energy efficiency.
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APPENDIX C i

COMPARISON OF RADAR ALTIMETER A
SPECIFICATION REQUIREMENTS ARINC 522A |
AND ARINC 707-1 VERSUS LARA

This appendix presents comparisons between the USAF Low Altitude Radar
Altimeter (LARA) requirements (as of July 1979) and the commercial airlines
standard low altitude radio altimeter requirements contained in ARINC 522A
and ARINC 707-1.

C s kel s

The paragraph numbcrs quoted in the following sections identify para-
graphs in the LARA specification where the LARA reguirements are not met
by the ARINC Characteristic.

1. DIFFERENCES BETWEEN LARA AND ARINC 552A

Altitude Range i 4

et

Paragraph 3.2.1.4 requires 0-53000 feet capability. ARINC 5527 regquires
only 0-2500 feet and specifically requires that performance be optimized
for the 0-2500 freet region and that any increase in maximum height not inteor-
fere with this optimization.

Ground Specd

et i A

Paragraph 3.2.1 requires reliable operation at ground sypeeds up to
2000kts. ARINC 552A docs not address ground specd range. However, the RTCA
Minimum Performance Reguirements-Airborne Low Range Altimeter, DO-155, which
is the basis for the FAA Technical Standard Order (TSO), reguires perform-
ance in the range 0-50 fect/sccond (22.6 kts) lateral velocitv and 0-300
foet/second (177.6 kts) longitudinal velocity. Since these values are wore
than adequate for final approach and landing of transport aircraft, manu-
facturers of airlines altimetcers have not been motivated to design for the
liigher ground specd. However, tho ability of their eguipments to function
within specification beyond the DN-135 velocities could be determined by
either analysis or test of the individual cquipment designs,

RS VIR S S

|

Alrcraft Altitude

Paragrajph 3.2.1.6 roequires operation ¢t bank and »itch angles up to
245 deqgress,. ARINC 5520 requires operation at roll and pitch angles only
a: ko s 20 degrecs since this is considered adequate for final arvroach
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and landing. The low value of roll and pitch has been used by manufacturers |
of commercial altimeters to permit higher-gain and more directive antennas, N
which provide more rejection of multipath signals than could bec obtained

with antennas compatible with the LARA specification. Consequently, it is i
unlikely that any altimeters in commercial use will satisfy this LARA speci- .
fication requirement. h

k. Tracking Rate/Time Constant :

Paragraph 3.2.1.7 requires following of changes in altitude up to
? +2000 feet per second. Because of the intended application of airlines
’ altimeters, the maximum altitude rate for which the altimeters need be

;>~ designed is about 1,500 feet per minute (25 feet/second). ARINC 5527 does
! . not address this requirement. RTCA DO-155 requires that accuracy standards o
. be met at sink rates up to 25 feet/second (1,5000 feet/min). i
Cooling -
- Paragraph 3.2.1.13 requires that no forced air cooling shall be em- ;J
ployed. ARINC 552A pe.mits cooling air be supplied to the altimeter R/T
unit in accordance with ARINC 404A. T
.

Input Power

Paragraph 3.2.1.14 requires that the LARA operate either from 115 Vac,
400 Hz or from 28 vdc and that a power off/on switch be provided on the
face of the Height Indicator. ARINC 552A does not require ojecration from
28 Vdc, it specifically recommends that an off/on switch not be used and

| —

IR~ S

terms an indicator with such a switch '"non-standard". However, a pin on
the indicator is reserved for those users who may desire an off/on switch
- in spite of this admonition, and a "non-standard" indicator with a switch .

certainly could be procured.

R S —

Adjustments

Paragraph 3.4.1.10 requires that the R/T have mcans available to adjust -
for aircraft installation delay (AID) without removing the R/T from its
case. ARINC 552A requires this adjustment to be made by installing jumpers I
between pins on the rack connector. AID does not change after installation ]
of antennas and cables; conscquently, no ARINC 552A R/T adjustment is
required or allowed. Y

-

Blanking Pulse

Paragraph 3.4.1.4 requires that the R/T accept and produce blanking ;
pulses to permit blanking of the LARA and other systems. ARINC 5527 does 4

b not require this carability,and no connector pins are reserved for this

PUrpose. }
L
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Clock Synchronization

Paragraph 3.4.1.7 requires that the R/T accept synchronizing signals
to synchronize digital outputs. No digital outputs are provided by the
ARINC 552A altimeter.

Synchronization Pulse

Paragraph 3.4.1.6 requires that the R/T accept and generate synchroni-
zation signals to synchronize the pulse repectition freguency (for pulsed
designs). No such provision is specified by ARINC 55234,and no connector
pins are reserved for this purpose.

Analog Altitude

Paragraph 3.4.1.2 requires two independent AC analog altitude outputs
with linear-8mv/foot scales. ARINC 5522 supplies one synchro and one log-
arithmic, analog output with a radically different scaling factor.

Digital Altitude

Paragraph 3.4.1.3 requires 2 digital outputs. ARINC 552A has none.

Track/No Track Signal

Paragraph 3.4.1.8 requires a discrete "Track" signal. ARINC 552A dous
not specify this and no connector p:in is reserved for this purpose. The
flag warning output of 0552A altimetcrs sceems to fulfill this requirement,
however.

Paragraph 3.4.1.8 requires that the analog outjput voltage for NO-TRACK
rise to -46.7 : 0.7 volts and that the digital output increase to all ones.

ARINC 552A does not specify such output signal changes.

Modulator Pulse Output

Paragraph 3.4.1.5 requires an R/T output video pulse during ecach trans-
mitted julse (for a pulsed system). ARINC 552 doms not specify this output,
and no connector pir is reserved for it.

Time Totalizing Indicators

Paragraphs 3.4.1.12 and 3.2.1.3 require time totalizing indicators for
the R/T and Height Indicator, respectively.,  (Some of the ASD comments on
the LARA specification indicate that this is desired in R&D units only.)
ARINC 552A does not specify a time totalizing indicator for cither the R/T
or the Indicator.

Power and Signal Connection

Paragraph 3.4.1.13 specifics power and signal connections different
from those sprecificed by ARINC 552A.

c-3
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Size

The following table shows the differences batween sizes listed in
paragraphs 3.2.2.1 and 3.2.2.2.2 and those listed in ARINC 552A:

R/T Unit LARA 552A
Height 3.125" 7.62"
width 3.75" 4.88"
Depth 7.81" 12.52"

Indicator
Height 3.25" 3.175"
Width 3.25" 3.175"
Depth 4.54" 5.00"

Nuclear Hardening

Paragraph 3.2.2.5.1 indicates that the degree of nuclear hardening
required will be established by the procuring activity. ARINC 5522 does
not require any degree of nuclear hardening.

Gunfire Vibraticn

The July 1979 draft of the LARA specification will be modified to
require the ability to withstand gunfire-induced vibration. Commercial
equipment is not required to withstand this stress, although suitable vibra-
tion mounts might provide this capability.

2. DIFFERENCES BETWEEN LARA AND ARINC 707-1

For the following items, the differences between the LARA specifica-
tion and ARINC 707-1 are identical to those between the LARA specification
and ARINC 552A:

Altitude Range Adjustments

Ground Speed Blanking Pulse

Aircraft Attitude Clocking Synchronization
Tracking Rate/Time Constant Synchronization Pulse

Track/No Track Signal Time Totalizing Indicators

Modulator Output Pulse Powexr and Signal Connector

Gunfire Vibration

J

et

i,




Output Noisec Level

Paragraph 3.2.1.1 limits output noise level to a three sigma value of
* 1 least significant bit (0.076 feet for 5000 feet full-scale) on the
digital output. Below 100 fcet altitude, ARINC 707-1 limits rms noise
output to 0.25 feet (in the kand 0.05 to 5 Hz), and its least significant
bit is 0.125 feet for binary output and 0.1 fecet for BCD output. No noise
restrictions other than those implied by the accuracy requirement are spec~-

ified by ARINC 7u7-1 for altitudes above 100 feet. ;
Cooling :

Paragraph 3.2.1.13 prohibits the use of forced air cooling. ARINC
707~1 requircs 11 Kg/hour of 40°C (or less) cooling air. The air is per-
mitted to impinge dircctly on piece parts and must be dry and clean enough
to avoid contamination,

Input Power

Paragraph 3.2.1.14 rcguires the LARA to be operable from either 115
Vac 400 Hz or 23 Vdc and that an o»n/off switch be provided on the indicator
panel. ARINC 707-1 does not permit the use of 28 Vdc and specifically pro-
hibits "... master on/off power switching within the radio altimeter...”. ;

Helgnt Indication Face

Paragraph 3.4.2.16 requires both an analog pointer and a digital dis-
play. Neither of the ARINC 707~1 indicators has a digital display.

O ST S

Size
The following table shows the differcences in size requirements between
the LARA specification and ARINC 707-1: ]
i
R/T LARA ARINC 707
Height 3.1250" 7.64" o
width 3,750" 3.506"
Deysth 7.81" 12.76"

-4

Indicator

e T

Height 3,25" 3,47

Width 3.25" L0

b Detth 4. an 4.54"
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APPENDIX D

SURVEY OF INDUSTRY OPINION

This appendix includes the survey questionnaire that was mailed, a
summary of the answers received to our stacific questions, reproduction of

the letter replies received,

and a list of firms that were solicited.




Gentlemen:

ARINC Research Corporation is under contract to the Air
! Force (Contract Number F33657-79-C-0717) to evaluate and re-
' port on the possible costs/benefits of the standardization of
USAF avionics packaging, mounting, environmental control re-
k quirements (PME) and to determine the extent to which such
e standardization, 1f beneficial, could utilize civil airline
o avionics standards. As a part of this contract, we are re-
quired to solicit inputs from aircraft and avionics manufacturers
to obtain opinions and viewpoints on at least the following ques-

. tions.
*! : a. Is a military standard based on ARINC 600 concepts a
; viable approach to simplifying avionics installations
. obtaining greater equipment reliability and achieving
. reduced acquisition, modification, and support costs?
b b. What qualitative or quantative benefits has the man-

: ufacturer previously observed in commercial practice
N versus military practices?

¢. If the new USAF standard requires a new design of
mounting racks and connectors, and an upgraded en-
vironmental control system, what are the cxpected
areas of concerns and impacts?
1. for a new aircraft

2. for major avionics modernization programs

d. Should the USAF standard attempt to be all inclusive
across all types of aircraft and core/common/mission
avionics, or should it address only certaln subsets .
of these? )

We would appreciate your comments on these questions
together with any related information or observations that you .
feel may be of benefit to our study. If possible, we would 1llke >{
to receive your comments by 1% August so that we may expand or 1
3 clarify comments recieved, if necessary, ty in-plant visits and
more detailed discussions during the period 1% August-September .
7. 1In addition to your textual response to the listed questions, b
we would appreclate your completing the attached form to supply
background information about yocur company and to summarize your
overall opinions in a way sulted for easy tabulation.

Thank you for your assistance in this matter. Should ycu }
desire further information, you are encouraged to call either
Mr. Neil Sullivan, (301)224-U4000, extension 289 or Mr. James
" Russell, extension 576. )

Very truly yours, L
Kenneth E. Lyons

Marager, Acgulisiticon
Systens Pregram

KL :kb

Enclosures (<)
1. Industry Survey Form
2. ARINC Specification #ton-1



F RETURN TO:

2551 Riva Road

ARINC Research Corporation

Annapolis, Maryland 21401

INDUSTRY SURVEY: AVIONICS PACKAGING, MOUNTING, ENVIRONMENTAL STANDARD

L‘ Attention: Mr. N. Sullivan

-

ke COMPANY

b ADDRESS CODE
e

3 POINT OF CONTACT

A PHONE NUMBER

- PRINCIPAL AVIATION

PRODUCT LINES COMMERCIAL MILITARY

Adaptation of ARINC 600

- Other concept

.

New design aircraft only

t New and older aircraft

4. Standard should address:

Direct adoption of ARINC 600

3. Standard should be made applicable to:

' Yes No
b, Packaging [:] [:]
1 Mounting 4 (|
4 Cooling [:] [:]
Power [:] [:]
¢ 2. Organization feels that standard should be:

good

Core avionics (e.g., computers)

Common avionics (e.qg., radios)

Mission avionics (e.qg., EW equipment)

aod oo

3 ' 1. Organization feels that standards would be beneficial?
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Bendix

Avionics e
Division E O Bos Gdc s

Ted 305 "7n Aty

Thie By it Loarp, gt

ARINC Research Corporation
2551 Riva Road
Annapolis, MD. 21401

August 15, 1979

Attention : Neil Sullivan
Subject : Standardization of Avionics Packaging
Gentlemen:

In response to your inquiry of July 30, 1979 we are pleased to offer our
opinions relative to the use of ARINC 600 and other standardization
philosophies for possible application to Air Force avionics. The comments
below relate to the four questions of your letter by letter designation.

a. »~ military standard basedon AKINC councepts probably is a viable
approach for certain classes of aircraft. It must be recognized,
however, that the ARINC concept prohibits many practices common in
military design and vice versa. For example, all ARINC boxes have
blind rear panel connectors and permit forced air cooling while the
military counterparts have screw on or bayonet locking connectors
(often on the front panel) and sometimes require sealed cases for
environmental protection. Military equipment, on the other hand,
does not utilize the edge connected PC boards which are common in
airline equipment.

If these differences can be accommodated, a military standard could
be an important step toward improved reliability and reduced cost
of future avionics hardware.

b. The major advantages observed in commercial practice lie in the areas
of productivity, maintainability and minimum aircraft down time.
ARINC standardization permits a great degree of commonality between
bexes which are functionally different. This commonality helps
produce better products and lower cost through larger production
runs, transfer of proven technology and standardized test fixtures.

ARINC characteristics and specifications are devoted to the definition
of equipment which can be easily maintained through accessibility and
abundant test points. The rapid interchangeability feature keeps
aircraft down time to a minimum.

200 Newthive:st €
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Bendix

Avionics
Division

ARINC Research Corporation
Attn: Neil Sullivan

Page 2

August 15, 1979

The price paid for these features is flexibility. ARINC equipment does
not generally represent the ultimate in compact design and the standar-
dized packages do not permit optimum space utilization in the equipment
rack.

The military has long proclaimed that blind push-on connectors are not
as reliable as the positive contact type. While this may be true, the
connector in most ARINC equipment is not the weakest link from a re-
liability point of view. The use of new mounting racks, with front or
rear conpnections, would be most appropriate for new ajrcraft, but may
also be applicable in major modification program. This would be deter-
mined primarily by the type of aircraft involved.

If a standardization program is implemented, it should be as all in-

clusive as possible to realize benefit from economies of scale., From
this point, exceptions are required to meet all installation require-
ments. If the exceptions exceed the standardized installations, the

benefits of standardization will be essentially lost. In this event,
standardization by subsets should be considered as an alternative to

full standardization even though some of the benefits cited in b will
not be realized.

Very truly yours,

CC AL e

W.E. Rupp, Manager

Government Engineering
/kc

Enclosure: Industry Survey

D~6

et e s
"

-

.




e R S B S AR LT GG L V2 o (o

P et L

R r—— o e

St ot

BOEING AEROSPACE COMPANY PO Box 3999

Seattle, Washington 98124

A Division of The Boeing Company

October 22, 1979
2-8080-LAI1-130

ARINC Research Corp.
2551 Riva Road
Annapolis, Maryland 21401

Attention: Mr. G. E. Flowers
Dear Mr. Flowers:

The Avionics Technology Staff of the Boeing Military Airplane
Development organization is pleased to review the several questions
asked by you in your letter. We apologize for the tardiness of our
reply.

In answer to your questions:

We don't believe that a military standard based strictly upon ARINC
600 is a viable approach. The accompanying diagram explains this belief.

In & broad sense and approache” as a philosophy, standardization of USAF
avionics packaging, mounting, cocling, etc. will be beneficial. Appli-
cation and use of such a standard will reduce costs of installation and
also the life cycle cost.

ARINC 600 standard is applicable to certain types of equipment, generally
using air as the coolant. For this reason, ARINC 600 cannot be adopted
“as is." Adaptation of ARINC 600 will only cover a small portion of the
avionic equipment installed on military airplanes. An examination of

the attached diagram will help to understand this point.

The avionic equipment installed in military airplanes can be classified
in a number of groups as shown in Figure 1. ARINC 600 or an adaptation
of it, can be used for a portion of the equipment installed on transport
type airplanes. However, this comprises a small portion of avionic
equipment installed on military airplanes. Other groups have different
constraints and operational requirements, which make the application of
ARINC 600 a hindrance.

As the amount of total avionic equipment goes up, which is the case on patrol
and command type airplanes, cooling air requirement exceeds the airflow
available. This necessitates use of closed loop systems or use of coolants

- . e
e
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Page Two 2-8080-LAI-130

other than air. In the case of bombers and fighters, a standard such as
ARINC 600, which specifies rack and box sizes, will result in space

. limitations. Similarly requiring a box of Togic card files to meet a

g - standard designed for electronic equipment will be wasteful.

= : To conclude, a standard such as ARINC 600 would be desirable. However,
. ‘ such a standard will have to be divided into sections to serve the

. different types of airplanes, different types of avionic equipment and
e ¢ also to leave room for newer equipment that is expected to be installed
- on future airplanes.

Yours truly,

L g
- L. A. Irish

Enclosure

. s o
s e
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GENERAL DYNAMICS
.Fort Worth Division
P.O. Box 748, Fort Worth, Texas 76101 « 817-732-4811

GRE/MCD: jw/Gen.FW#060-12675
17 August 1979

ARINC Research Corporation
2251 Riva Road
Annapolis, Maryland 21401
Attention: Mr. N. Sullivan
Subject: Industry Survey: Avionics Packaging, Mounting Environmental Standard
Reference: (a) ARINC Letter, ASG/ASP/A&V-79-140, dated 31 July 1979
(b) ARINC Specification 600-1
Gentlemen:
We appreciate being included in your survey with regard to standardizing environ-
mental control requirements. We feel that there is much to be gained by an
effort toward such standardization. The comments in the following paragraphs
are keyed to the specific questions in your letter. We would be glad to work

with you in more detail if you desire.

Reference paragraph a

The concept of a recognized standard for the physical aspects of
avionics equipment is appealing for all the reasons listed in
paragraph "a" of reference message. Such a standard would improve
or simplify communications between the aircraft provisions designrer
and the avionics manufacturer by providing a common baseline either
to follow or to take exception to if the standards were not applic-
able. Certainly, there will be exceptions because of the special
packaging requirements of small, high-density military aircraft.

As an example of this, the F-16 has an approximate total of 70
LRUs; of these 70 LRUs, 42 (607%) have a volume of 1 MCU (1/8 ATR)
or more. To best utilize available space of these 42 LRUs, 22
need to be less than 12.56 long and/or 7.62 high (ref MCU box
size), 5 need to be more than 12.56 long and 9 LRUs are form
fitted. Of the 42 LRUs having a volume greater than 1 MCU, 6

LRUs (9% of 70) are adaptable to a MCU size. These numbers sug-
gest that to best utilize the aircraft space, the LRUs will need

to have some flexibility in length and height and at time also

in shape. ARINC 600 is certainly a viable approach and should

be a useful tool to the aircraft and avionics community if applied
to aircraft/avionics development/production programs in proper
context.




GRE/MCD: jw/Gen. FW#060-12675
Page 2

Reference paragraph b

The resolution of differences between commercial and military speci-~
fications for commonly used avionics should lead to fewer development
programs for the relatively small quantity requirements of the mili-
tary. Systems such as communication, identificatiom, civil navigation,
computers, etc., could be identical in the same time frame and could
benefit by the maturing effect of the longer production runs pro-
duced by common military and commercial requirements.

Reference paragraph c

It is generally expected that each new airplane could require mounting
racks that are unique due to the specific physical interfaces involved,
but if the new rack requires vibration isolators, the problem becomes
difficult not only from a space standpoint, but the question of quali-
fication test must be addressed and much of the advantage of using
standard equipment disappears with the start of a rack development
program. If the equipment were specified to be "hard mounted" and
some appropriate criteria defined, the impact on aircraft space and
program dollars would be less on new and modified aircraft than if

the rack "served as an attenuator of aircraft vibration modes" as
required in paragraph 3.2.5.1 of referenced specification.

More efficient connectors are always desirable if the logistics
problems of supply, multiple source, tools, and training are solved
at the same time that design requirements are met. We have success-
fully used rack-and-panel connectors on many installations and would
not resist applying any standard hardware specified.

The thermal design requirements in section 3.5 of referenced speci-
fication indicate a need for drier air in larger quantities per KW
than is presently provided. In either new or modernized aircraft,
the increased requirements would require more bleed air from the
engine which would in turn reduce airplane performance. There are
some ways of minimizing the impact of providing dry air, but more
space is required than is usually available on tactical military
aircraft. If the "cold plate" method of cooling is used rather
than the implied open component/air wash arrangement, the stringent
requirement of paragraph 3.5.4.2 could be relieved.

Reference paragraph d

It would seem useful to apply the USAF standard as an objective to
all aspects of avionics at the onset of a program and depart from it
only as the best interests of the program are served. As mentioned

D~10
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in the opening paragraphs of this message, there will be many varia-
tions, but repetitive deviations will serve to update the document.

Mr. John M. Murphy, Manager, Electrical Systems and Installation Section, is
responsible for avionics packaging in our organization. John will be most
pleased to discuss this subject in more detail if you so desire (phone

(817) 732-4811, ext. 4101).

Sincerely,

GENERAL DYNAMICS CORPORATION
Fort Worth Division
g

i

i

R. Eng d
irector of Avionics
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! Cable COLINRAD Cedar Rapids International .y
August 15, 1979 .-
. k2 a w
A ARINC Research Corporation _
F: 2551 Riva Road T
; ! Anapolis, Maryland 21401
- - ¢ &
4 Attention: Mr. Kenneth E. Lyons
P Acquisitions Systems Program ~ -
? i Gentlemen: -w
. As a major supplier of avionics equipment for both civil and military . -
{ requirements, we are very pleased to respond to your inquiry of using
P civil airline type avionics standards for military installations. Our -
S response to your specific questions is as follows:
y | a) "Is a military standard based on ARINC 600 concepts a viable
{ approach to simplifying avionics installations, obtaining
) greater equipment reliability, and achieving reduced acqui- .
] ‘ sition, modification, and support costs?"
. Yes! The ARINC 600 specification establishes interfaces bet-
ween the avionics, its associated racking, and the aircraft -
. which offers the capability for mutually sharing trade-off
"o analysis responsibilities on all design parameters 1like -~
. acquisition costs, reliability, support costs, etc.
! A specification of this type could provide the military with
a means to: - -
(1) specify a cost effective and reliable avionics environ- . w
! ment for all aircraft. (Due to the wide range of military
aircraft and variable mission requirements, a single speci- .
fication may not be practical but instead could contain
categories.) ..
(2) assure interchangeability of avionics and provide a pre-
planned means for updating and modernization of aircraft. - -
(3) realize some degree of standardization of hardware and allow .-
ﬂ for the perfection of these standardized areas without affec-
X tion technology advancement of other areas. - -
\ .
'

Ls
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Mr. Kenneth €. Lyons
August 15 1979
Page 2

b)

c)

d)

(4) establish a workable and consistent maintenance test
program.

“"What qualitative or quantative benefits have the manufacturers
previously observed in commercial practices versus military
practices?"

As an avionics manufacturer, benefits from commercial versus
military practices have been realized in higher reliabilities,
lower support costs and lower manufacturing costs.

The apparent higher reliability of commercial avionics is con-
tributed to a more favorable and consistent environment and main-
tenance. Reliability of comparable commercial equipments will
vary from two times to well over four times that of the mili-
tary.

Benefits in manufacturing costs are realized from hardware
standardization, self-imposed quality control standards, and
reduced environmental requirements. Military products will

typically run 15% to 20% higher in quality control costs. 4

"If the new USAF standard requires a new design of mounting 1
racks and connectors and an upgraded environmental control
system, what are the expected areas of concern and impacts?"

For new aircraft, the procurement procedures and attitudes
of stressing the reduction of weight and volume will have
to give way to the results of other trade-off studies involving }
cost, reliability and equipment support.

For major avionics modernization programs, the cost of retro- #
fitting the aircraft to the new standard must be traded-off
against benefits expected.

"Should the USAF standard attempt to be all inclusive across
all types of aircraft and cor/common/mission avionics or
should it address only certain subsets of these?"

D-13




.. Mr. Kenneth E. Lyons
- August 15, 1979
Page 3

Avionics standardization becomes more and more difficult to
implement across more aircraft with various and more missions.
It is felt that some degree of standardizatior acrozs the
entire fleet would be beneficial and could be handled by
categories within a specification. It is also felt that all
types of avionics, or portions of avionic systems, that can
functionally be remote mounted in an aircraft, should be

con. d1led by the standard.

Thank you for allowing us to comment on a subject we consider
of major importance.

T

i Should additional information be required, please feel free to
i contact us.

Yours truly,
! o
Q ' R. A. Saunders

| Mechanical Design Manager
{ Government Avionics & Missiles Group

RS: 11
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SINGER

AEROSPACE & MARINE SYSTEMS
KEARFOTT DIVISION

18 September 1979

ARINC Research Corporation
2551 Riva Road
Annapolis, Maryland 21401

Attention: Mr. N. Sullivan

Subject: Comments on ARIKfC Specification #600-1 os regards its use
as a basis for Military Standards

Reference: Your Letter ASG/ASP/A8YV-79-140, dated 7/31/79.

Gentlemen:

The Kearfott Division of The Singer Company is pleased to present its comments reiative
to the referenced subject.

The summation of Kearfott's opinion is that the subject specification is sufficiently different
from actual military requirements thot it would hove to be severely modified in order to be
suitable for military application. Further, we think that o new USAF standard should apply
only to new design aircraft and those existing aircraft that will undergo complete overhaul.
Our comments, which are enclosed, elaborate on the opinion summarized in this peragraph.

We trust that the comments provided herein will assist you in that portion of your evalua-
tion regarding the extent to which civil airline avionics standards con be used for militory
applications. Also enclosed is the complete industry survey as requested.

Should you require any additional information, please do not hesitate to call the undersigned.

Sincerely,

k R

Joseph P. Savino
Marketing Manager
JPS:bea
Enclosures: (1) Comments on ARINC Specification #600-1 as regords its use as a basis
for Military Standards.
(2) Completed Industry Survey.
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ENCLOSURE |

Comments on ARINC Specification #600-1 as regards its use as a basis for Military Stondards.

Question (a)

Answer

Is o military standard based on ARINC 600 concepts a viable approach
to simplifying avionics installations obtaining greater equipment

reliability and achieving reduced acquisition, modification, and support
costs ?

Standardization of military equipment is a feasible method of obtaining
the benefits of reduced cost of ownership and increcsed reliability.
Kearfott is already vigorously engaged in providing support to the USAF
for this concept for the Standard (Form, Fit, Function) Moderate
Accuracy Inertial Navigation System. This program is designed to meet
USAF requirements through the 1980's and into the '90's, The Phase |
requiremen? of ARINC 600 conflict with the packaging committed to the
Standard F~ unit. Moreover, it is unknown at this time what impact
the evolutign of ARINC 600 through Phases Il and (1l might have on the
Standard F~ progrom. It is conceivable that much of the design effort
would have to be repeated, thus opening the fiscal floodgates because

of new tooling requirements, requalification of hardware, and logistic
considerations.

Specific argas where ARINC 600 differs from the requirements of the
Standard F~ INS are:

o Package dimensions

o Cooling air pressure drop too low

o Ratio of power dissipation to volume is too low for
dense military packaging

o Vibration input to MCU appears unrealistically low

While these differences may be resolved by the process of specification
give and take, a more fundamental problem exists in ony attempt to

make an inertial navigation unit compatible with an ARINC 600 installa-
tion in which it is mounted in a common rack, shelf, or cabinet with
other equipment. This problem concerns the need for the inertial naviga-
tion unit to be precisely aligned on its mount which, in turn, is adjustable
through limited angles with respect to the aircraft oxis. In oddition, the
mounting rack must maintain its orientation highly stable to allow removal

and replacement of the inertial navigation unit without the need for re-
alignment,

D-16




’ Question (b)  What qualitative or quantitative benefits has the monufacturer previously
! observed in commercial practice versus military practices?

Answer An answer to this question js quite classical in context. Namely, there
are the rigorous design requirements (environmental in particular) imposed
' by the military that result in units being very well designed indeed and
; possibly . er designed in some instances. This statement is not critical
! of said rigorous design requirements, but rather a reporting of the results
i of these requirements, for it is understood that a significant safety factor
I must be incorporated into military design in order to allow for unpredict-
; oble extreme environmental conditions. These rigorous military require-
i ments certainly make for more expensive items as would be expected.
! While these military requirements do not inhibit innovative designs,
. 1 actually in some cases the military requirements act as o spur to innova-
i tions, they are sufficiently restrictive so as to channel the design develop-
ment by independent manufacturers along parollel paths thus resulting in
similar designs.

——

The corallary to the above is also classical. Namely, designing to the
more relaxed commercial standards yields a design that is generally less
costly to manufacture and generally not as good as one designed to

' military standards. Commercial standards also tend to have more room for
innovative design and can result in independent manufacturers coming up
with designs that are quite different for the same item.

-

Notwithstanding the previous comments, there is a somewhat unexpected
benefit in the area of reliability associated with commercial practices.
Kearfott has observed an improvement in reliability in commercial vs.
military practices for avionics equipments that is from 2 or 3 times better
to as much as 10 times better. Among other things, this improvement is

. associated with the relatively benign operating environment, longer equip-

. ment operating times, and different (better) maintenance procedures that

- commercial equipments experience versus military equipments.




Question (c)

Answer

Question (d)

Answer

—~——

It the new USAF standard requires a new design of mounting racks and
connectors, and an upgraded environmental control system, what are
the expected areas of concernsand impacts?

1. for a new aircraft
2. for major avionics modernization programs

The response to this question as it pertains ta inertial equipment is
included in Answer (a) above.

Should the USAF standard attempt to be alfl inclusive across all types
of aircraft and core/common/mission avionics, or should it address
only certain subsets of these?

The ARINC 600 specification appears more appropriate to transport type
aircraft, whose installations can be made to accommodate the new
packaging and mounting schemes, than to smaller aircraoft. Also, we
would recommend it only for new aircraft and aircraft slated for major
avionics overhaul. Ideally a new USAF standard should apply to and
benefit core, common and mission avionics equipments across the board,
however, in our opinion it wou!d be improctical to have this new standard
address mission avionics equipments due to the specialized nature of this
type of equipment.

D-18
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- SPERRY

FLIGHT SYSTEMS

PO BOX 21111
PHOENIX, ARIZONA 85036
1 TELEPHONE {602) 942- 2311

10 August 1979

Reference: Letter dated 31 July 1979
ASG/ASP/A&V-79-140

- Mr. N. Sullivan
: ARINC Research Corporation
i 2551 Riva Road

Annapolis, MD 21401

Dear Mr. Sullivan:

' The attached information is provided in response
to the request contained in the referenced letter. As

; you are no doubt aware, the question of using commer-

{ cial packaging standards for military equipment is a
many-faceted one that is difficult to discuss in a
few paragraphs.

The information attached has been prepared by
our Engineering group that is responsible for packag-
ing all of our products; both military and commercial.

, I bope that our response will be useful and if
. we can be of further assistance, please do not hesi-

~ tate to advise.

51N ely,
i
¢ M

Donald A. Few
Commercial Marketing Manager
International Marketing

. DAF:1mc

o Attachment

cc: W. Squires
D. Burkholder

SPERRY FLIGHT SYSTEMS IS A DIVISION OF SPERRY RAND CORPORATION

D-19
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RESPONSES TO ARINC LETTER ASG/ASP/A&V-79-140, dtd 7/31/79 lv

a. It must be recognized that the ARINC 600 concepts are
based on a more benign environment, both thermally and
: structurally, than that normally encountered for military
. equipment. In additior, ARINC 600 does not address require- i
; ments such as human factors which, when imposed by military
L specifications, have an adverse effect on equipment cnst.

b. It is difficult to be specific relative to benefits of -
commercial versus military practices. In general, com-
mercial equipment has less structural weight, simpler

) access for maintenance and lower fabrication cost.

[ o

it c. In any new specification for equipment ipstallation con-
C cerns would include:

P

1. Location of cooling air 1nlet ancd outlet

2. Quantity and quality of cooling air provided

3. Nature of unit hold-down fittings

4. Grounding and bonding of the unit to the air frame

[ ST |

5. Connector types - zero or low insertion force, locating
features, whether the units are plug-in and, if so, )
whether the rear caonnector supports the unit, sealing ) {
requirements, number of spare pins, whether spare pins
are installed, etc.

6. Unit finish requirements, paint systems, color, etc.

| g
——

7. Will bhandles have to provide for gloves or mittens?

d. It is not felt that a single requirement will be effective
for all classes of aircraft. The thermal and structural
requirements for fighters are significantly more severe
than those for transports. If a single standard was used
it would require all equipment to be designed to meet the -
most severe environment. 4

[ SN}
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APPENDIX E

COST-BENEFIT MODEL

1. INTRODUCTION

This appendix contains an expansion of the methodology used in the
formulation of the cost-benefit model, together with the necessary proce-
dures to run the program.

2. METHODOLOGY

The cost-benefit model is divided into three cost areas -- initial
integration, operation and support, and avionics update modification --
each of which has two subroutines. One of these subroutines is selected
for each cost area on the basis of the complexity of the available data,
which has been stored in the associated file. A description of the various
subroutines in mathematical form is presented in Tables E-1 through E-6.
The cost-benefit model does not use these equations as written because the
multidimensional arrays require too much core allocation, which causes the
program to become core-limited in the time-sharing system being used (Mark
III, FORTRAN 77). Instead, performing the individual computations and writ-
ing them to tape accomplishes the objective indicated by the equations in
Tables E-1 through E-6, while only using a small core allocation. A unique
record number is assigned automatically by the program for writing to tape
and reading back from tape for subsequent computational steps.

The subroutines are used to compute a baseline cost element for each
of the designated avionics groups in each of the three cost areas. These
computations are then repeated for cach of the chosen standardization
alternatives, by use of the cost-weighting factor appropriate to each case.

The main program computes the cost saving by taking the cost difference
between the baseline and each of the chosen standardization alternatives for
each cost area of each avionics group and accumulates the baseline LCC and
the avionics life-cycle-cost saving for each standardization alternative
and each avionics group. 1In the course of this computation, the annual cost
saving (or required additional investment, if negative) for each aircraft
type is calculated, together with an annual total for all of the aircraft
types programmed, for each standardization altcrnative. A discount factor
can be applied separately to certain annual subtotals, thereby providing
discounted values for the following totals of each standardization
alternative:

Y

;
!

et M i

Lai e e

R . W ki -

oo

¥




Ty L) Y Loy Ly Ly L L L

-abejuadIad JUNODSTg = d PUP *SOATIRUIIITY uoTIRZIpIRpUPIS JO
JaquonN = 77 ‘sadAl SOTUOTAY JO XaqunN = ¥ ‘Saeak Jo raqunN = I ‘sadAl 3I33eIdaTY JO I9CqumMN = [ 330N

(T'A°1°0)
(d - 1) x (TA'I'C) 3ISOD JUBWISIAUT TETITUI = PIJUNOISTQ 3ISOD
Aﬂuuv ucmEumw>:HaMAUﬂ:H

(I) uor3eTjul 350D IOQPT X

(M*I) anTeA aaan) butuxed] x (M'I‘L) SUOTIETTEISUI JO IB3QUNN x INOH Iad 3s0D aberday x

(M‘I‘[) uOT3e[TRISUI I0] SINOH JO IIQUUN 3HEIRAY x (8°1’N‘I‘C) Iy = umewJMLhuq
(1) uor3erjul .4, dnoao x (M’I) anTep daind bururesT x

(M‘1‘p) €, 3Itun F1d3QUNN x (A'I‘L) .8, ISCD ITUN x (L‘T'A‘1‘C) Iy = .AHN%wMNoMWOU
(1) uorzerjyul ,v, dnoas x (M’I) anTeA 3aind butuaeaT x

(M‘1I‘C) .Y, ITUn AdQUON x (A*I°L) ¥, 3IS0D 3ITun x {(9°'T*M'I‘C) Ty - ﬁqﬂw%meNowwwou

(T'%°1'C) 3Isod

. [ [ ’ » ’ ’ 4 , Q =
(T'X'1°r) 30D I0QeT + (T'N'1'C) 3ISOD w8, dNOID + (T'A'I’L) 3ISOD LW, dNOID = ot teratul

(T'%°1'10)
pa3unodsi1g 3IS0D
uotleirbajul pue
ubtsag TeT3ITUI

(1 HVAm - T) x (TJA’'I’[) s3so) uotljeabajul pue ubrsag [erTITUL =

(I) uotjer3jul ajenjead pue 3Is3L x (A'I‘L) d3enteag pue 1S3 x (S'T1'A'I’'r) Hx +

(I) uUOT3IBTJUI UOTIBIUSUMDOQJ pue BuTtmexq X03IDLIIUOD x
T

) (M‘I‘C) uor3zeluaWNOOQ pue butMeId 2032eIUOCD x (P I/MN'I‘C) M +
Al (I) uoT3eTjUl SaINIDEINUPH TIPOW x (A’I’‘[) dINIdEINUBK TOPOW x (€°T’N‘'I‘C) Hx +
(I) uorjerzul buttool x (MA‘I’rL) burtoorl x (Z‘1'M’I‘r) az +

1 (1‘X°1°C) s3so)

(1) uotr3zerzul jududoiassg Butrassuibumg x (W*I1‘r) uswdorsasq Durassurbuz x (T’T'A'I’L) "X = uorleabajul pue
ubysag TeTITUL

TYILINI IANILAOYHENS °*T7-3 3[q®J

e e ey ——— T TR R
e e g

e+ e




¢ A ———————

—————

*0be3UdDIdd IUNOOSTA = d PUE ‘SDATIRUIDITY uoTezTpaepuels 3JoO
zoqunN = 7 ‘sodAl sotuoTAy JO I0qUNN = N ‘SAEBDR JO IJquNN = I rsadAL 3JRIDITY JO X3qumy = [ 030N

(11'C) T 380D 9430 = (GT'W'1I'C) mx

(1%°1°0)
150D 124310

(A‘1‘r) 3Is0D xoqel x (PI'A'1'C) mx =

((1*9°1°1)
31500 1PTI03PW

(T'N°1'r) J8LW
[ (%) 8L} 0DbEIUSDIA - T}/(£*1°¥'1°CY A = papeabaq 03 ang

€

103003 ASTH

19
¢ {

11r) I9s zod

{10 480w obrIuddIad - T} x (H)d8LW}/(X'1°L) SanoH butaeInin x (Z*1'H'1p) TN = Xomy Iad SUOTIOY

ave:

iod jo azquny

~

(M I) onTeA OAIND HUTUAEDT .« (A‘L) 3ISOD AOTIA ITUN ~» (T T1H'I‘C) A =

(141
DINpPoOW X+
1500 obeinay

(1) uoT3eTjul 3Is0)H J0UERT -

(M'1'C) PTSTd UT S3IDS JO JaqunN SATje[nund x (%‘I’C) anoy 2ad 3son ~beIday .

g
(1'3'1'C) oTnpoW 15d SINOH-UBW 9BeXBAY » (T ¥*I1’L) 395 10 Teax 10l SUOTIOY ITedod jo Iogquny = (T'21°C)
3IS0D aoqge]
(I) 938§ UOTIPTIUI x (JA'I’'[) PISTd UT S3IBS JO JIIQUNN AATIEPTNUND x
(T'N'1'r) J4lW papeabsg 03 ang 103083 Y¥STY x (¥/I‘L) 83ed parostd x
(1'x1‘1°'r)
(1'¥'1'p) 39S 3ad aeax Jad suoriloy areday 3o IdqUNN x (TN'I‘L) STOPOW 1ad 3so) obeaday = 13I50) sazedg
P
quawystuatday
1°%'1’'e)
pa3junossiq

(T“M’'1‘r) 3500 3zodidng pue uoryeaado =

1s0) 31o0ddng
pue uotijexado

(I'MI'0) 3ISOD A9Ylo +

(T'¥°1'C) 350D TPTAdIBW + (T'N'I'L) 3s0) IodeT + (I'N'I’CL) 3so) saxedg Juauystuatday =

(131’
3500 3xoddng
pue uotjeaado

SYO INILAO¥ENS °Z-3 STqel




¢ -

e

Py .- N N . Y

*abejuadasd JuUNoOISIg = 4 pue

3o IaqumN = T ‘sadi] SOTUOTAY JO IdqWON = X ‘SABSZ JO IdqUINN

/S ATIRUIDI[Y UOTIeZTpIERpUR]S
I ‘sodAL 33eA0ATY FO IBqUINN = [

: 330N

(o (& = T X (TTUD)

$3S0D) UOT3IEBDTITPOW =

(T°M‘1‘C) palxunoldstyg
S3S0D UOTJIPDTITPOW

(I) uoTaETTeISUI 3ISOD ITN 4, x (A'I‘L) 3ISOD 3ITA .4, x (9TIVN'I‘C)

(I) uoT3eTFUuIl 3ISOD UOTIETTeISUl x (A‘'I‘L) ISOD uoTelielsul
(I) uoT3eyzul a@%d x (M'I‘C) asy
(I) uotaeljul ejeq uorlelTe3ISUI x (M‘I‘rL) ePIR@ UOTERTTEISUI

(I) uoTjerjyul ubyssq UOT3IBTTRISUI x (M'I‘[) ubrsag uorzelTelsul

x

X

X

X

(I) uotjerjul STSATeuy 9oeIISIUI x (A‘I‘C) STSATeuy adeIaajul

(G 1'3’1'Cr)
(p1°A‘1’C)
(e*1'4°‘1°D)

(2'1'A°'1'r)

x (T'1'%'1'r)

NM B (T'3‘1‘p)
T S3s0) UOT3eDdTITPOW

aaoW INILNOYdNS

“€-4 S1qRL




+8bejU8DIId IUNOISTY = 4 PUB ‘SOATIPUIDITY UOTIPZTIpIEpPUB]S IO XdQUNN =
tsadAl, SOTUOTAY JO I9qUNN = X ‘SIBai JO IoqunN = ] ‘sodAlL 3JeIdITy JO Iaquni = [ 930N
m 4 (T31°C)
4 F BPEN mo -N m 4 4 4 ’ =
(HI70) T 350D TOqeT x (pUUNILL) N = T
E
v (1°3‘1°r) k

1 dnox AN -
(3'1°2) 1 380D .4, 019 x (g1'A'1'r) A 350D ,g, "nois

b (1'%°1°r)
R g Jd I XS KACE A ) = R
Av~ I hav M U OU :{: no mu x AN M u.m H hJH V~ Umor\v :<: QQOHU ¥

(‘1'3°'1°'0)
pP23UNoOsSTq S3IS0D
UOT3IPTTEISUl Ter3iTul 0

Aa-HVAa - 1) x {T'3'I'P) S3ISOD uUoTIe[Teisul [eritul

(1'34°1°C) s3so)

‘M'T’ so) zoqeT + D' & soD .4, dnoa T’ so) ,¥, dnox
(1'A'I'C) 3IsoD zoqe] (1’A'1°'r) 3sod .9 S + (T'M'1'r) 3ISOD VY, ¢ 9 UOT3RTTEISUl TeT3ITul

1

(TA°1°0)

_ PRV _ Pa3uUnodsIqQ SISOD
halHVAQ T) x (1*'M'I‘rp) s3so) uorjexbajul pue ubrseg [RTITUI = uoTIeIB93UT pue

uptsag Tetatul

N (I*3'1‘L) s3sod
(M’1‘C) 1 s3asoD uorjzeabajul pue ubtsag@ TeTaITUl x (T'I'N‘1I‘D) vx = uot3exbajur pue

ubrsaqg Ter3ltTur

1 TYILINI INILAOYENS °“p-3 27qPL




Table E-5. SUBROUTINE OAS 1

Operation and
Support Cost
(3,1,K,L)

KS (J,I,K,L) X Operation and Support Cost 1 (J,I,K)

Operation and

Support Cost , _ (1I-1)
piscounted Operation and Support Cost (J,I,K,L) x (1 P)

(3,1,K,L)

Note: J = Number of Aircraft Types, I = Number of Years, K = Number

of Avionics Types, L = Number of Standardization Alternatives,
and P = Discount Percentage.

Table E-6. SUBROUTINE MOD 1

Modification Cost e .
J,I,K,L) X Modif tion t1l (J,1,K
(3,1,K,L) K6 (J,1,K,L) odificati Cos (J, )

Modification Cost
Discounted
(J,I,X,L)

Modification Cost (J,I,K,L) x (1 - p) I

Note: J = Number of Aircraft Types, I Number of Years,
K = Number of Avionics Types, L = Number of Standard-
ization Alternatives, and P = Discount Percentage.
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* Annual total cost savings (i.e., all aircraft types and all avionics
groups together)

* Life-cycle-cost savings for each avionics group (i.e., all aircraft
types together)

* Life-cycle-cost savings for each aircraft type (i.e., all aircraft
types together)

* Life-cycle-cost savings for all aircraft and all avionics groups
together

Figure E-1 illustrates a flow diagram of the overall concept of the
cost-benefit model.

3. INPUT REQUIREMENTS

The input requirements are separated into data inputs and control
inputs. The control inputs are used in selecting cost areas to evaluate
data inputs and the range associated with selected "DO loops." The data
inputs contain the values of interest for the various elements in the
euquations (Tables E-1 through E-6) for the cost areas being evaluated.
There are two control input files, designated INITQ and ARRAYAC. The first
control file, INIT9, is basically a vector that contains 11 terms, as
defined in Table E-7. The second control file, ARRAYAC, contains the oper-
ational status of each aircraft for each year of interest in an array for-
mat. There are five operational status situations used to branch to the
various cost areas in the program, as illustrated in Table E-8.

Table E-7. 1INITY VARIABLES
vgi;giie ;:3?2;?2 Variable Description

1 LO Number of aircraft
2 Ll MNumber of years
3 L2 Number of avionics
4 L3 Number of weighting factors (7)
5 L4 Number of standardizations (6)
6 LS One dimension of K1 array (8)
7 L6 One dimension of K3 array (5)
8 L7 "O" Initial or "1™ Tnitial 1
9 L8 "0" 0AS or "1" OAS 1
10 L9 "0" MODD or "1" MOD 1
11 L10 One dimension of K4 array (4)
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Table E-8. ARRAYAC VARIABLES

Subroutines
Variable Available for Variable Description
Activation
0 None Aircraft not operational that year
1 Initial 1 or Initial Initial year of operation

OAS 1 or OAS

2 OAS 1 or OAS Operational this year
3 OAS 1 or 0AS Modification this year
MOD 1 or MODD
4 Initial 1 or Initial Additional initial equipment and
OAS 1 or OAS modifications to existing
MOD 1 or MODD equipment,
The array format is such that the rows define aircraft type while the i

columns contain years. Therefore, the intersection of a row and column
will have a 0, 1, 2, 3, or 4 in its place, depicting the operational status
of that aircraft type for that year. The particular subroutines that are
activated depend on the variables L7, L8, and L9 of INITY9, as shown in
Table E-7.

e

Data for each cost area are set up in a dummy file that describes the
aircraft type, year, avionics, and weighting factors for that particular
aircraft type, year, and avionics. Data are entered in a prescribed manner
as indicated in the read statement of the subroutine of interest. The data
consist of the weighting factors (which are also entered in a prescribed
manner) and the variables associated with the equations (as shown in Tables
E-1 through E-6). A unique record format is used in entering the data that
are read and converted to a unique record numbecr, which the program uses
to read and write to tape. The unique record format is straightforward --
the first aircraft type of interest is labeled "1", while the second is
labeled "2", and so forth; the first year of interest is labeled "1", the
second year is "2", etc; and the first avionics picce or group is labeled
"1", and follows the same technique as for the aircraft type and years.
Therefore, the third aircraft type in the seventh year for the fourth
avionics would be indicated as "3, 7, 4". This unique record format is
converted to a unique record numbecr and is in a look-up table that has
been previously computed.

The weighting factors used for this task are presented in Tables E-9
through E-11. A copy of the computer program has been provided separately
to ASD/XRE.
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Table E-9. WEIGHTING FACTORS FOR AIRCRAFT A :
t. izati
| Standardization |, o .+ | 1sp |Gp-a | Gp-B | Labor | oss | mop
i Alternative
|
; Common Equipment
l
“ PME 1.0 1.2 1.1 0.9 1.0 0.8 0.4 b
T LRU 1.0 0.8 0.6 0.8 1.0 1.0 0.5
]
| Rack/Mounting 1.0 0.8 0.6 0.8 1.0 1.0 0.4
4
{ Environmental 1.0 1.2 1.1 1.0 1.0 0.8 1.0
i
; 1 Common Power 1.0 1.1 1.0 0.9 1.0 0.9 1.0
1 Environmental Equipment -
- PME . 1.3 1.2 1.5 1.2 . 1.0
; LRU 1.0 1.0 1.0 1.0 1.0 1.0 1.0
t
. Rack/Mounting 1.0 1.0 1.0 1.0 1.0 1.0 | 1.0
| Environmental 1.0 1.3 |12 [ 1 [ 1.2 1.0
Common Power 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mission-Unique Equipment
- PME 1.0 1.2 | 1.1 0.9 1.0 0.8 | 0.6 (‘ﬂ
' LRU . 0.8 | 0.6 8 1.0 1.0 | 0.7 o
b ! '
Rack /Mounting 1.0 0.9 0.8 0.9 1.0 1.0 0.6 i ;
Environmental 1.0 1.2 1.1 0 1.0 0.8 .
. .
Common Power 1.0 1.1 1.0 0.9 1.0 0.9 1.0 !
4. CREATING FILES [
" i
' Creating files is a two-stage ouperation -- creating the space required .
F 1 for the data and calling a routine that rcads the dummy files and restruc- i
‘ i tures them into the files that the program will be calling, allocating l

! unique record numbers, and packaging the data.

Since the cost of storing data is directly related to the space used
for storage, it is essential that core space be allocated judiciously. A
second factor to be considered is how often will the storage space need to
be enlarged or decreased. If the core space required is going to vary
significantly, it may be more cost-effective to place the core space in
. the largest size necessary and pay for the unused space than to incur the

‘ additional cost of computer time to recreate new file space and the unique E
| record number lock-up tables. i




Table E-10. WEIGHTING FACTORS FOR AIRCRAFT B
a . .

Standardization | o ¢ | 1sp | 6p-a | Gp-B | Lavor | oss | mop

Alternative

Common Equipment
PME 1.0 1.2 1.1 0.9 1.0 0.8 0.4
LRU 1.0 0.8 0.6 0.8 1.0 1.0 0.
Rack/Mounting 1.0 0.8 0.6 0.8 1.0 1.0 0.4
Environmental 1.0 1.2 1.1 1.0 1.0 0.8 1.0
Common Power 1.0 1.1 1.0 0.9 1.0 0.9 1.0
Environmental Equipment
PME 1.0 1.2 1.2 1.0 1.2 1.0 1.0
LRU 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Rack/Mounting 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Environmental 1.0 1.2 1.2 1.0 1.2 1.0 1.0
Common Power 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mission-Unique Equipment

PME 1.0 1.2 1.1 0.9 1.0 0.8 0.4
LRU 1.0 0.8 0.6 0.8 1.0 1.0 .5
Rack/Mounting 1.0 0.9 0.8 0.9 1.0 ¢] 0.4
Environmental 1.0 1.2 1.1 1.0 1.0 0.8 1.0
Common Power 1.0 1.1 1.0 0.9 1.0 0 1.0

The required core space allocation is determined by an algorithm that
makes use of the number of aircraft types, yecars of interest, and avionics
classifications.

5. RUNNING THE PROGRAM

Running the program is straightforward once all the files have been
created. However, there are a few lines in the program that may require
changing if the data sets are going to be changed in the areas of the number
of aircraft types, years of interest, or avionics classifications. If the
program is going to be used for sensitivity analysis, then it is not neces-
sary to make changes to the program. In fact, the program can be loaded and
saved, which will decrease the overall cost when the program is to be run




Table E-11.

WEIGHTING FACTORS FOR AIRCRAFT C

Standardization | . . o¢ | 1sp | Gp-a | GP-B | Labor | oss | mop
Alternative
Common Equipment
PME 1.0 1.2 1.1 0.9 1.0 0.9 .5
LRU 1.0 0.8 0.6 0.8 1.0 0.6
Rack/Mounting 1.0 0.8 0.6 0.8 1.0 1.0 .5
Environmental 1.0 1.2 1.1 1.0 1.0 0.9 1.0
Common Power 1.0 1.1 1.0 0.9 1.0 0.9 1.0
Environmental Equipment
PME 1.0 1.0 1.0 1.0 1.0 1.0 1.0
LRU 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Rack/Mounting 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Environmental 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Common Power 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mission-Unique Equipment
PME l.0 1.0 1.0 1.0 1.0 1.0 1.0
LRU 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Rack/Mounting 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Environmental 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Common Power 1.0 1.0 1.0 1.0 1.0 1.0 1.0

repeatedly with only perturbations to the data set.
by simply saying "run
change is made to the dummy data set,

that updates the file and repacks the data.
gram can be run again for the new output.

6. OUTPUT

The output from the computer model contains the following:

* Total LCC (and discounted LCC)

The program is run
Each time a
it is necessary to call the routine
Once this is done,

and citing the name of the program.

* Total LCC for cach piece of avionics equipment

for 1life span of aircraft

the pro-




* Tabulated payback from each standardization alternative as a

. function of aircraft type and years

. Typical tabulated output for the five standardization alternatives,
These tables show the
cost savings and discounted cost savings per year for all aircraft types

as used in this task, are presented in Table E-12.

of interest or for the lifetime of interest. Application of the remaining
data output was used in the computations for sensitivity analysis as out-

Yoo lined in Chapter Four.
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